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ABSTRACT 
A COMPARISON OF LAND USE AND LAND COVER IN PUBLIC LANDS OF THE 
NORTHWESTERN GREAT PLAINS AND HIGH PLAINS ECOREGIONS AND THE 
IMPLICATIONS FOR GRASSLAND BIRDS 
DAWN L. SIEMONSMA 
2017 
 
 Loss and degradation of grassland habitat are driving forces that contribute to 
widespread declines of grassland birds in the United States. Many studies have evaluated 
habitat needs for the conservation of grassland birds, but the relative contribution of 
public lands in representing and maintaining avian biodiversity remains poorly 
understood. Having a better understanding of the role that publicly managed grasslands 
play in the conservation of grassland bird habitat is important for assessing the value of 
the investment the American public makes in these lands. Therefore, I investigated spatial 
relations among variations in amounts and distributions of publicly owned and managed 
grassland habitat and avian species richness. My study focused on two ecoregions, the 
Northwestern Great Plains and the High Plains, which comprise a substantial portion of 
the U.S. Great Plains, the continental Central Flyway for migratory bird species. The 
Great Plains provide critical nesting habitat for grassland birds. However, federally 
owned and managed grasslands are unequally distributed between the two ecoregions, 
with the Northwestern Great Plains having a greater proportion of federally owned 
grasslands. I found that, overall, the quantity, size, and connectivity of grasslands were 
greater in the Northwestern Great Plains, and the region hosted slightly more of the 13 
xv 
 
species I studied than did in the High Plains. Both ecoregions, however, sustained 
roughly half of their respective public lands as grassland. Areas of higher species richness 
were relatively widespread in the Northwestern Great Plains ecoregion and were 
associated with lands administered by the Bureau of Land Management, Fish and 
Wildlife Service (FWS), and National Park Service. In the High Plains ecoregion, areas 
of higher species richness were limited to the northwestern part of the region, within 
lands administered by the FWS, U.S. Forest Service, and Department of Defense. Areas 
managed for biodiversity in both ecoregions were not necessarily associated with higher 
species richness. For example, some areas with the greatest species richness in the High 
Plains ecoregion were managed for multiple uses. However, the onus for conservation of 
grassland birds need not fall entirely on the federal government. Non-public (privately 
held) grasslands in the landscapes surrounding public lands can add value to public 
grasslands by helping to offset habitat fragmentation and small patch size. My analyses 
found this particularly evident in the High Plains ecoregion, and this speaks to the 
importance of grassland bird habitat conservation being a joint effort among federal 
agencies and private landowners. 
 
Keywords: public lands, Northwestern Great Plains, High Plains, grasslands grassland 
birds, bird species richness, land cover and land use, spatial analysis
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CHAPTER 1 – INTRODUCTION 
 Habitat loss and degradation resulting from natural and anthropogenic changes 
have contributed to severe declines in populations of grassland breeding birds, which has 
been a focus of increasing international concern (Cunningham 2005; Herkert 1994; Igl 
and Johnson 1997; Peterjohn and Sauer 1999; Sauer and Link 2011; With, King, and 
Jensen 2008). Habitat conservation is an integral component to maintaining species 
diversity. Grasslands cover more than 40 percent of the Earth’s land surface, but are 
globally one of the most transformed and least protected ecosystems (Hoekstra et al. 
2005; Murphy 2003). Researchers have determined that in portions of the United States, 
for example, recent rates of grassland conversion to corn and soybean crops have been 
comparable with rates of deforestation in tropical rainforests (Wright and Wimberly 
2013). 
 The amount of habitat area required to sustain populations of grassland birds 
varies from species to species and among regions (Natural Resources Conservation 
Service and Council 1999). For example, an area-sensitive species such as the Dickcissel 
(Winter and Faaborg 1999) may be attracted to habitat patches less than a hectare in size 
in Kansas and greater than one hectare in size in Iowa and Oklahoma. Whether to 
conserve a single large or several small habitat patches (Diamond 1975) has been a 
common debate in the historical literature (Crooks et al. 2001, 2004; Herkert 1994) and 
has set the stage for analysis of habitat fragmentation, the loss of habitat, and the 
resulting isolation of remaining habitat patches (Fahrig 2003; Wilcox and Murphy 1985) 
within the landscape matrix. Conservation afforded by federal public lands aligns with 
this patch-matrix perspective of landscape ecology (Forman 1995), although the 
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perspective has shifted in recent decades from conserving individual patches to 
conserving a network of patches towards the protection of species diversity (Wiens 
1995).  
 The network of publicly owned and protected lands plays a key role in the 
protection of biodiversity and conservation efforts worldwide, yet protected areas in our 
Nation’s prairies have grown very little since the 1930s and 1940s (Freese 2015). In 
2011, grasslands covered 144 M ha in the United States, of which public ownership 
accounted for about 14 percent (North American Bird Conservation Initiative 2009). The 
matrix of areas surrounding these public lands also is important, as grassland birds do not 
recognize administrative boundaries, and the surrounding landscape may be used for 
foraging and other functional aspects of avian life cycles. Therefore, the larger landscape 
matrix affects the capacity of public lands to support and sustain avian diversity. 
 Land management decisions predominantly follow the concept of “best and 
highest” use (Napton and Loveland 2013). For private property, this concept dictates that 
the current use of the land will reflect that which is most economically rewarding 
(Gallant et al. 2004), even though some landowners may value nonmarket benefits of 
grassland. For federal public lands, however, our Nation holds conflicting perspectives 
with respect to the “best and highest” use (Napton and Loveland 2013). Thus, a widely 
supported “multiple use” policy for federal public lands was declared in the Federal 
Lands Policy and Management Act of 1976 (Platt 2004), which incorporated 
consideration for conservation along with domestic extraction of food, fiber, and natural 
resources.  
 Federal public lands generally provide more permanent habitat for conservation 
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initiatives than other/private lands. Therefore, I have assessed the patterns of species 
richness of grassland birds with respect to the conservation status and availability of 
grasslands within federal public lands. My study targeted the Northwestern Great Plains 
and High Plains ecoregions of the central United States. These ecoregions represent 
distinct combinations of environmental characteristics and associated land uses (Gallant 
et al. 2004) and provide a finer stratification within the larger grassland biome to consider 
patterns of land use/cover and related implications for the availability of public grassland 
habitat for birds. These ecoregions also represent a substantial portion of the continental 
Central Flyway, one of the major avian migratory corridors of North America (Johnsgard 
2012).  
 
Problem Identification and Description  
 Grasslands, also referred to as prairies, are areas dominated by various grasses 
and forbs that provide necessary habitat for grassland birds and other wildlife. Over time, 
many of the extensive pre-settlement grasslands in the U.S. Midwest were converted to 
cropland (see Figure 1). This change in land use and land cover was inherently related to 
the suitability of the region for crop production or for livestock grazing (Drummond and 
Auch 2010).  
 The Northwestern Great Plains and High Plains ecoregions have transitional 
gradients of climate, topography, and latitude that influence the agricultural use of the 
landscape. Air temperatures generally decrease from south to north. Precipitation 
generally decreases from east to west. The topographic of the Northwestern Great Plains 
consists of rolling plains interspersed with highly dissected areas favorable for livestock 
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Figure 1. Nature vegetation in the absence of human alteration of land cover (Kuchler 
1964) and extent of grasslands as of 2012 (LANDFIRE 2012).  
 
grazing. The High Plains has a smoother landscape that is more favorable for crop 
production, and elevation increases from east to west. An important difference between 
the two ecoregions, where agriculture is concerned, is that the High Plains ecoregion 
overlays a portion of the Ogalala Aquifer, which facilitates irrigation of cropland (Auch 
et al. 2011). This has led to the High Plains ecoregion supporting more conversion of 
grasslands to cropland.  
 Remaining grasslands are now likened to blocks in a patchwork quilt, each less 
than 10,000 km2 in area (White, Murray, and Rohweder 2000). The resulting habitat loss 
and degradation have contributed to the geographically widespread decline in grassland 
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bird populations (Knopf 1994), which are “adapted to and reliant on some variety of 
grassland habitat for part or all of [their] life cycle” (Vickery et al. 1999). 
 Conservation efforts for common species in the United States, such as the 
grassland birds in my study, have traditionally been relegated to secondary importance, 
trailing rare and endangered species (Lindenmayer et al. 2011). This has been especially 
true since the Endangered Species Act (16 U.S.C. § 1531 et seq.) was signed into law in 
1973. Grassland bird species provide integral ecosystem services as prey for other species 
and through pollination, dispersal of seeds, and ingestion of insects and rodents (Natural 
Resources Conservation Service and Council 1999; Tscharntke et al. 2005). Grassland 
birds also are increasingly the focus of human activities, often generating recreational and 
economic benefits, such as revenues from bird watching tourism (Brennan and Kuvlesky 
2005; Cordell 2012). Understanding the availability of grasslands for habitat, and the 
level of protection provided for these areas within the Nation’s federally protected public 
lands, therefore is important for preservation of grassland bird habitat. 
 Protected public lands, as defined by Article 8 of the Convention on Biological 
Diversity (2016), are designated areas with varying conservation objectives that 
contribute towards long-term goals in protecting biodiversity. Although many studies 
have evaluated habitat needs for the conservation of grassland birds (Ribic, Guzy, and 
Sample 2009; Fisher and Davis 2010), the relative contribution of public lands in 
representing and maintaining biodiversity remains poorly understood (Gaston et al. 
2008). The North American Bird Conservation Initiative contributed towards closing this 
gap in knowledge with the State of the Birds 2011 Report on Public Lands and Waters 
(North American Bird Conservation Initiative 2011). The study included a focus on the 
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occurrence of obligate grassland bird species, those species dependent on grassland 
habitat for all of their life cycles (Mengel 1970), in public lands at a national scale. My 
study complements the outcome of that report by providing a finer, ecoregional-scale 
evaluation of the richness of common grassland birds on federal public lands. 
Additionally, my study explores how the spatial structure of public grassland habitat 
along a latitudinal gradient relates to species richness and provides a patch-level analysis 
to determine if public grassland patches in near-proximity to other grassland patches 
boosts the potential to support greater avian species richness.  
 
Research Objectives 
 The principal objective of this research is to explore contemporary patterns of 
land cover and land use in the Northwestern Great Plains and High Plains ecoregions to 
improve our understanding of how publicly owned and managed grasslands contribute to 
the conservation of habitat for grassland birds. This objective is addressed through three 
questions: 
1. How are public grasslands distributed across the two study ecoregions and along 
the considerable latitudinal gradient they represent? 
2. Are there differences in patterns of avian species richness that can be explained 
by differences in grassland distributions associated with land management 
agency, land conservation status, or ecoregion?  
3. How does fragmentation of grasslands in and around public lands relate to the 
species richness of grassland birds?   
 
 These questions frame a multi-scale analysis to help understand how public 
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grasslands contribute habitat for conservation of grassland bird species. Chapter 2 
provides a review of the literature relevant to this research. Chapter 3 describes the study 
area and methodology applied. Chapter 4 covers results and discussion of findings for the 
two ecoregions studied. Chapter 5 provides a summary and conclusions on the findings, 
associated implications, and potential directions for additional research. 
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CHAPTER 2 – LITERATURE REVIEW 
Land Stewardship 
 The term public lands in this study refers only to lands owned by the U.S. Federal 
Government, obtained via cession or purchase (Platt 2004) for the Nation’s public, and 
administered by the Bureau of Land Management (BLM), U.S. Forest Service (USFS), 
National Park Service (NPS), Fish and Wildlife Service (FWS), or Department of 
Defense (DOD). Federal holdings not wholly owned and administered by the U.S. 
Federal Government, such as those under the jurisdiction of the Bureau of Indian Affairs, 
along with public lands administered by state or local governments, were not included in 
the definition of public lands. 
  Between 1890 and the 1930s, approximately 80 M ha of federal public lands were 
transferred from what is now the Bureau of Land Management (BLM) to the following 
agencies for their designated programs (Public Lands Foundation 2014): 
• USFS, established by the Forest Reserve Act of 1891 to conserve forests and 
watersheds of the western United States (Pinchot 1987);  
• NPS, established by the Organic Act of 1916 to manage national parks, 
monuments, and other areas of cultural or historical significance 
(http://www.nps.gov/grba/learn/management/organic-act-of-1916.htm, accessed 
November 22, 2015) to balance environmental protection with public recreation; 
• FWS, established in 1974 via an amendment to the Fish and Wildlife Act of 1956 
(70 Stat.1119) to create and manage refuges for wildlife; and  
• DOD, tasked with managing military bases and facilities in the “public domain” 
(Public Lands Foundation 2014), most of which were established during World 
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War II. 
 
 There are many federal laws regarding the protection of migratory and 
endangered birds; however, when President William J. Clinton signed Executive Order 
13186 (2001) it formalized the responsibility of federal agencies to promote the 
protection of migratory birds. Specifically, each of the federal agencies listed above was 
required to enter into a separate Memoranda of Understanding with the Fish and Wildlife 
Service to incorporate bird conservation recommendations from multiple migratory bird 
agencies, such as Partners in Flight, a non-federal cooperating agency (Executive Order 
13186 2001). 
 Approximately 34 percent of the land in the United States is owned by federal 
agencies (Platt 2004). Since the 1960s, “multiple use” has been the widely accepted 
philosophy for managing these lands, a concept that subsequently was applied to national 
policy via the Federal Lands Policy and Management Act of 1976 (Platt 2004).  
 Public lands generally provide more permanent habitat for conservation initiatives 
than private lands set aside for conservation, except for 30-year or permanent 
conservation easements on private lands or lands owned by a nonprofit conservation-
orientated organization such as a land trust (Wilson 2014). However, only about 14 
percent of the publicly owned lands in the United States are grasslands (North American 
Bird Conservation Initiative 2009), and few studies have investigated their contribution to 
the conservation of grassland birds, which is the objective of the current study. 
 
Grasslands as Habitat 
 The term “grasslands” in this study denotes an aggregate of native and non-native 
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grassland cover. Disturbances, such as from drought (Wiens 1974), fire, and grazing 
(Fuhlendorf et al. 2006), have historically maintained grasslands; however, remaining 
grasslands are frequently subject to the suppression of these disturbance regimes 
(Brennan and Kuvlesky 2005), as well as to the threat of agricultural expansion or 
intensification (Askins et al. 2007).  
 Habitat, defined as the resources required by a species for survival (Franklin, 
Noon, and George 2002), varies by species of grassland bird, although the methods by 
which species select habitat may be similar, such as initially searching at broad scales, 
then narrowing to finer scales to select nesting and foraging sites (Wiens 1973; Johnson 
1980). Early grassland bird research in landscape ecology focused on patch-scale 
variables, which included, but were not limited to, studies that explored varying area-
sensitivity responses (Herkert 1994; Johnson and Igl 2001; Vickery et al. 1994), edge 
avoidance and brood parasitism (Johnson and Temple 1990), negative responses to local 
amount of woody vegetation (Coppedge et al. 2001), habitat loss/fragmentation (Johnson 
2001; Fahrig 2003), and response to anthropogenic management practices (e.g., grazing 
pressure and mowing practices) or disruption of disturbance regimes (e.g., fire) (Vickery 
et al. 1999).  
 Spatial variables, such as field size and landscape composition, are important 
aspects of grassland bird habitat selection (Wiens 1989; Johnson and Igl 2001; Lomolino 
2001; Ribic and Sample 2001). For example, grassland parcels larger than 200 ha provide 
the greatest habitat potential within a landscape (Natural Resources Conservation Service 
and Council 1999). These large patches are particularly important for area-sensitive 
species, or those that have a negative association with edges (Herkert et al. 1993; Winter 
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and Faaborg 1999; Fletcher 2005; Ribic et al. 2009), the effects of which can extend 100 
m into the grasslands (Burger, Burger, and Faaborg 1994; DeLisle and Savidge 1996). 
Additionally, larger grassland patches have the potential to support a greater variety of 
species than do smaller patches and therefore will likely attract more birds (Herkert 1994; 
Vickery et al. 1994; Patterson and Best 1996). Alternatively, smaller, spatially clustered 
(i.e., less isolated) grassland patches also will contribute to the perceived openness of the 
landscape and be attractive to birds (Wiens 1995; Weidman and Litvaitis 2011).  
 Temperature, precipitation, and elevation also are important considerations for 
grassland bird habitat, as they affect the structure and composition of vegetation within 
the landscape matrix in addition to indirectly affecting the availability of prey for 
grassland birds (Wiens 1974; Cody 1985; Wiens 1989; George et al. 1992; Igl and 
Johnson 1999; Winter 1999). Variability in the structure and composition of grasslands 
affects the assemblage and productivity of bird species found in a patch (Bakker, Naugle, 
and Higgins 2002; Renfrew and Ribic 2008). For example, in times of drought, the 
density or height of available vegetation may not provide sufficient cover for grassland 
birds to hide from predators, nor support insects and other prey for grassland birds.  
 The type of vegetation can be a crucial component, too, as woody vegetation is 
considered hostile habitat that reduces the suitability or productivity of adjacent 
grasslands for some species (Coppedge et al. 2001; Bakker, Naugle, and Higgins 2002; 
Cunningham and Johnson 2006; Quamen 2007), such as the Upland Sandpiper, Horned 
Lark, Western Meadowlark, and Grasshopper Sparrow (Natural Resources Conservation 
Service and Council 1999). In addition, because grassland birds do not necessarily 
require native vegetation for breeding habitat (Sample et al. 2003), they have become 
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increasingly dependent on surrogate grasslands as agricultural production and other 
intensive uses have continued to transform the landscape. Surrogate grasslands used for 
cover and nesting grounds include hayfields, land enrolled in the Conservation Reserve 
Program (Sample et al. 2003; Young and Osborn 1990), rights-of way, and field borders 
(Natural Resources Conservation Service and Council 1999). 
 More recently, trends in grassland bird research have expanded to include 
landscape-scale variables. For example, a comparative analysis by Best et al. (1995) of 
three land cover types – intensive agriculture, woodland, and intermediate between 
agriculture and woodland – evaluated the relation between landscape composition and 
bird abundance in row crops. The results revealed that not all bird species in the study 
area were affected by the amount of grassland in the matrix, but habitat specialists, such 
as grassland birds, were more abundant in landscapes that contained more grassland in 
the matrix. Another study concluded that land use change associated with agricultural 
practices was the driving force behind the declines in grassland bird populations (Murphy 
2003). This determination reinforced the findings of Best et al. (1995) that a lack of 
permanence of habitat in agricultural landscapes and increased disturbance triggered by 
grazing, mowing, and rotation of set-aside lands have had a great impact on grassland 
bird presence, and that a mosaic of habitat types is required in the landscape.  
 
 
Species Distribution Modeling 
 Species distribution modeling enables researchers to examine and predict the 
spatial extent of species occurrence via empirical correlations between species presence 
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and environmental variables defining the species’ physical environment (Pearson 2008). 
The resulting probabilistic maps support analysis of bird distribution ranges 
corresponding to changes in environmental conditions and land management (Fortin et al. 
2005). As mentioned in the previous section, (Grassland as Habitat), habitat selection by 
grassland birds is multiscale and specific to each species (Wiens 1973; Johnson 1980); 
however, the appropriate scale for sampling bird occurrence is uncertain. Much of the 
landscape-scale grassland bird research that involves modeling the importance of habitat 
features in the area surrounding bird occurrence has been conducted with the use of 
multi-scale buffers, such as 200, 400, 800, 1200, and 1600 m or greater, for quantifying 
the amount of grassland in the area surrounding occurrence locations. Cunningham and 
Johnson (2006) found the most competitive models for measuring the influence of 
landscape factors on grassland birds to have buffers greater than 800 m, but also found 
that finer scales had importance.  
 With the availability of an increasing variety and more geographically extensive 
environmental datasets and improved computing power over the last several years, the 
paradigm for bird research has shifted to regional-, multi-state-, national-, and global–
scale analyses of the impact of climate and land use/land cover variables on avian 
biodiversity. For example, Pearson and Dawson (2003) proposed bioclimatic models as a 
first step in species distribution modeling at broader scales, with land cover type variables 
(e.g., grassland, grassland height, or grassland density), relative to the species of interest, 
becoming increasingly more important at finer scales. Results of a study conducted by 
Thuiller et al. in Europe (2004) showed that land cover variables increased the 
explanatory power, but not necessarily the predictive accuracy, of bioclimatic distribution 
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models for plants, mammals, and invertebrates. Sohl’s (2014) research on the relative 
impacts of climate and land use change on bird species occurrence in the United States 
resulted in improved fit of species distribution models when land use change and climate 
variables were incorporated simultaneously. Other researchers predicted the influence of 
land use and climatic factors on the relative abundance of waterbirds in the Prairie 
Pothole Bird Conservation Region (Forcey et al. 2011). More recently, analysts modeling 
trends observed in Breeding Bird Survey data have begun incorporating a spatial 
dimension into the modeling framework for improved broader-scale predictive modeling 
and management of bird populations (Bled et al. 2013). 
 
Species Richness and Habitat 
 The relation between species richness and habitat diversity adds another 
dimension to characterizing bird communities. Species richness, a count of the number of 
species in an area, often doubles as a simple measure for species diversity (Rosenzweig 
1995). Habitat diversity is the spatial heterogeneity among habitat patches within a 
landscape and is defined by composition of cover type patches and components of spatial 
structure, such as patch area and isolation (Forman 1995). Vegetation height and density 
are physical structural traits that contribute to habitat diversity and are considered 
important by some researchers because different grassland bird species respond 
differently to variations in these traits (Fuhlendorf et al. 2006; Bock et al. 1993). 
 It is well known that species richness tends to increase from the poles to the 
equator (Gaston and Fuller 2007); however, results among multiple studies indicate that 
the roles of habitat diversity, area, and the interaction of habitat and area in shaping 
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patterns of species richness are still under debate (Stein et al. 2014). In analyses of the 
conterminous United States declining bird diversity frequently was associated with loss 
of grassland (Rittenhouse et al. 2012), reduced size and increased isolation of remnant 
patches (Fahrig 2003), and land use in the surrounding matrix (Dunford and Freemark 
2005). These results conform to elements of the species-area relation from the classical 
model of island biogeography (MacArthur and Wilson 1967) and the patch-matrix 
model of landscape structure (Forman 1995).  
 The patch-matrix model overcomes some of the weaknesses of island 
biogeography theory in that the matrix, or mosaic of areas surrounding habitat patches, is 
considered to be more or less similar to the habitat, rather than “hostile” land cover. The 
matrix is not preferred habitat, but may provide additional areas for foraging or other 
functional aspects of a species’ life cycle. 
 Some research has attempted to integrate island biogeography theory with 
ecological niche theory, which stresses environmental heterogeneity as the driving factor 
in the structure of ecological communities (Rosenzweig 1995; Kadmon and Allouche 
2007). For example, researchers in Greece determined that species richness was 
correlated with the area within a protected area network, but when area was kept 
constant, species richness was related to habitat diversity (Kallimanis et al. 2008). A 
positive heterogeneity-richness relation such as this is not universal, however, because 
several studies have concluded that habitat diversity had negative or non-significant 
effects on patterns of species richness (e.g., Gazol et al. 2013). 
 Another perspective from which to analyze species richness and habitat diversity 
relations is gradient analysis. Research comparing local habitat gradients of species 
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richness to regional habitat gradients of species richness identified unimodal patterns in 
species richness with latitude (Davidowitz and Rosenzweig 1998). Another, more recent, 
study focused on land cover diversity in relation to latitudinal gradient and found that 
landscape diversity was only associated with latitude at coarse spatial scales (Kallimanis 
and Koutsias 2012), such as the ecoregional scale used for the current study. 
 The collective body of existing research on habitat characteristics associated with 
grassland bird species and techniques to understand relations between spatial occurrence 
of landscape features and bird species, along with a growing variety of available 
environmental and species occurrence data, provide a good foundation for the current 
research. These elements can be brought together to address the three research questions 
posed earlier to improve our understanding of the spatial contribution of public 
grasslands to the conservation of bird habitat and the use of these lands by grassland 
birds.  
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CHAPTER 3 – DATA AND METHODS 
 The data and procedures described here were designed to address the three 
research questions previously defined. The initial question related to understanding the 
distribution of public grasslands across a large portion of the Great Plains and required 
information on general environmental characteristics, land ownership patterns, and 
conservation status of grassland cover. The second question sought to assess bird use of 
these grasslands with respect to grassland abundance, agency jurisdiction, and 
conservation status and required information on bird species presence to support 
modeling of potential use of grassland habitat across the study regions. The final question 
addressed the influence of human activities as related to fragmentation of grassland 
landscapes and required estimating grassland fragmentation. Unless otherwise noted, all 
geospatial processing used for these analyses, as described in this chapter, was performed 
with ArcMap Desktop software, release 10.3 (Environmental Systems Research Institute 
2011). 
 I selected thirteen species of grassland birds for this study (Table 1). This 
selection was based on the species being ‘common,’ or frequently observed, meaning that 
after filtering observations, each selected species had thirty or more observations within 
the study ecoregions and was not among those species listed as threatened or endangered. 
Eight of the 13 species are considered grassland obligates (North American Bird 
Conservation Initiative 2009), meaning that their existence relies solely on grasslands. 
The other five species are habitat generalists that share an ecological niche with grassland 
birds, but are not considered obligates because their functional use of grasslands for 
protection, nesting, and/or foraging may only be for part of their lifecycles.  
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Table 1. North American grasslands avifauna selected for this study. 
(a) Common Name – grassland obligate Scientific Name 
Grasshopper Sparrow Ammodramus savannarum 
Upland Sandpiper Bartramia longicauda 
Ferruginous Hawk Buteo regalis 
Lark Bunting Calamospiza melanocorys 
Long-billed Curlew Numenius americanus 
Vesper Sparrow Pooecetes gramineus 
Dickcissel Spiza americana 
Western Meadowlark Sturnella neglecta  
(b) Common Name - habitat generalist Scientific Name 
Burrowing Owl Athene cunicularia 
Swainson's Hawk Buteo swainsoni 
Lark Sparrow Chondestes grammacus 
Northern Harrier Circus cyaneus 
Horned Lark Eremophila alpestris 
 
 
Study Areas 
 The comparative analysis of grasslands in and around publicly owned lands and 
consideration of the related implications for conservation of grassland birds was 
undertaken for two expansive ecoregions (Level III ecoregions from Omernik and 
Griffith [2014]), the Northwestern Great Plains and the High Plains (Figure 2). The 
Northwestern Great Plains ecoregion covers approximately 357,500 km2 and the High 
Plains ecoregion covers approximately 288,300 km2. Together, these ecoregions 
comprise parts of ten states including Colorado, Kansas, Montana, Nebraska, New 
Mexico, North Dakota, Oklahoma, South Dakota, Texas, and Wyoming. Both ecoregions 
have a similar semi-arid climate that favors shortgrass and mixed grass prairies that are a 
primary resource for grazing of livestock. The High Plains ecoregion has smoother land 
surface features and a longer growing season, resulting in 30 to 75 more frost-free days 
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per year than occur in the Northwestern Great Plains (Wiken, Jiménez Nava, and Griffith 
2011), and portions of the High Plains ecoregion overlay the Ogallala Aquifer, 
facilitating crop irrigation. Thus, the High Plains landscape has undergone relatively 
greater transformation from agricultural production and intensification.  
 The Northwestern Great Plains and High Plains ecoregions both contain large 
parcels of grassland. Together, the regions span a north-south gradient that covers nearly 
the full extent of the conterminous United States, offering an opportunity to test if bird 
species richness is related to a latitudinal gradient along the length of the study extent.  
 
Figure 2. Northwestern Great Plains and High Plains ecoregions (Omernik and Griffith 
2014).  
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Land Use and Land Cover Data 
 The environmental niche requirements identified in the literature for the grassland 
bird species selected for this study (see Table 2) included grassland cover type, the 
amount of grassland in the surrounding landscape, and vegetation density and height. 
LANDFIRE, a multiagency program that provides a collection of more than 25 
landscape-level datasets at 30-m spatial resolution, provides three vegetation products 
that most closely match this subset of environmental requirements: Existing Vegetation 
Type (habitat type; in this case, grasslands), Existing Vegetation Cover (the spatial 
coverage or density of grassland as a percentage of the landscape per pixel), and Existing 
Vegetation Height (average height of the vegetation cover in meters). Together, these 
vegetation layers provided a way to model probable habitat ranges for the selected bird 
species at spatial scales that support evaluating the contribution of public grasslands to 
bird habitat. The LANDFIRE vegetation data were available for 2001, 2008, 2010, and 
2012.  I selected the LANDFIRE 2012 data because they complemented the 2012 dataset 
I used for land stewardship (explained later) and likely would more accurately represent 
the landscape of calendar year 2011 than would the 2010 LANDFIRE data 
(http://www.landfire.gov/lf_130.php, accessed December 13, 2016). 
 
Preparation of Landscape Variables 
 
 The three LANDFIRE datasets were used to develop predictive variables for input 
to species habitat distribution models. I combined multiple grassland types within the 
Existing Vegetation Types dataset (Table 3) to develop a single layer representing 
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Table 2. A subset of habitat requirements for 13 species of grassland birds selected for 
this study. 
  Common Name 
          General 
Area Requirements 
General Grassland 
Vegetation Density 
General Grassland  
Vegetation Height 
1 Burrowing Owl 4 – 6 ha (Grant 1965) Low (Dechant et al. 
1999a) 
Short (Dechant et al. 
1999a) 
2 Grasshopper Sparrow 10 – 30 or more ha 
(Helzer and Jelinski 
1999) 
Low to Medium 
(Wood and Ammer 
2015) 
Medium (Dechant et al. 
1998) 
3 Upland Sandpiper 8 – 61 ha (Wiens 1969; 
Helzer and Jelinski 
1999) 
Medium (Potter et 
al. 2007; Houston, 
Jackson, and Bowen 
2011) 
Tall (Dechant et al. 
1999) 
4 Ferruginous Hawk 300 – 80,000 ha 
(Dechant et al. 1999a) 
Medium (Howard 
and Wolfe 1976; 
Jasikoff 1982) 
Short to Medium 
(Jasikoff 1982) 
5 Swainson's Hawk 600 – 3100 ha 
(Anderson 1995) 
Low (Dechant et al. 
2000) 
Short, Medium, Tall 
(Dechant et al. 2000) 
6 Northern Harrier 8 – 120 ha (Dechant et 
al. 2002) but Herkert et 
al. (1999) suggested 
amount of grassland in 
area may also play a 
role 
High (Dechant et al. 
2002) 
Tall (Dechant et al. 
2002) 
7 Lark Sparrow 6 ha, (Fitch 1958) Low to Medium 
(Dechant et al. 
2002)  
Short (Dechant et al. 
2002) 
8 Lark Bunting 0.5 – 1.1 ha (Wiens 
1970; Wiens 1971; 
Finch, Anderson, and 
Hubert 1987) 
Medium to High 
(Dechant et al. 
2002b) 
Short (Dechant et al. 
2002b) 
9 Horned Lark 1.1 ha and 1.6 ha 
(Wiens 1971) 
Low (Dinkins et al. 
2000) 
Short (Dinkins et al. 
2000) 
10 Long-billed Curlew 14 – 20 ha (Redmond, 
Bicak, and Jenni 1981; 
Allen 1980) 
Low (Allen 1980) Short (Dechant et al. 
1999b) 
11 Vesper Sparrow  0.29 – 3.04 ha (Reed 
1985) 
Low (Dechant et al. 
2002) 
Short (Dechant et al. 
2002) 
12 Dickcissel 0.15 – 1.5 ha (Dechant 
et al. 2002d) 
High (Dechant et al. 
2002a) 
Medium to Tall 
(Dechant et al. 2002a) 
13 Western Meadowlark 2 – 7 ha within short- 
and mixed-grass 
prairies (Wiens 1970; 
Wiens 1971; Schaeff 
and Picman 1988) 
Low, Medium, High 
(Dechant et al. 
1999b) 
Short, Medium, Tall 
(Dechant et al. 1999b) 
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“grassland” for each ecoregion. I then calculated the number of grassland pixels within 
800, 1200, and 1600 m of each grassland pixel using ArcGIS (Environmental Systems 
Research Institute 2011) tools to estimate near-proximity grassland availability from the 
perspective of bird species (Cunningham and Johnson 2006). Nine classes of herbaceous 
 
Table 3. LANDFIRE Existing Vegetation Types (and associated class names) that were 
aggregated to create the grassland layer for the (a) Northwestern Great Plains and (b) 
High Plains ecoregions. 
(a) Class Name – Northwestern Great Plains Ecoregion 
Existing Vegetation Type  
Group Name 
Rocky Mountain Subalpine-Montane Mesic Meadow Fell-field and Meadow 
Inter-Mountain Basins Semi-Desert Grassland Grassland 
Northern Rocky Mountain Lower Montane-Foothill-Valley 
Grassland 
Grassland 
Northern Rocky Mountain Subalpine-Upper Montane Grassland Grassland 
Southern Rocky Mountain Montane-Subalpine Grassland Grassland 
Western Great Plains Foothill and Piedmont Grassland Grassland 
Central Mixedgrass Prairie Grassland Mixedgrass Prairie 
Northwestern Great Plains Mixedgrass Prairie Mixedgrass Prairie 
Modified/Managed Northern Tallgrass Grassland Modified-Managed Prairie Grassland 
Modified/Managed Northern Tallgrass Shrubland Modified-Managed Prairie Grassland 
Western Great Plains Sand Prairie Grassland Sand Prairie 
Western Great Plains Shortgrass Prairie Shortgrass Prairie 
Western Great Plains Tallgrass Prairie Tallgrass Prairie 
Recently Burned-Herb and Grass Cover Transitional Herbaceous Vegetation 
 
(b) Class Name – High Plains Ecoregion             
Existing Vegetation Type  
Group Name 
Rocky Mountain Subalpine-Montane Mesic Meadow Fell-field and Meadow 
Chihuahuan Loamy Plains Desert Grassland Grassland 
Chihuahuan Sandy Plains Semi-Desert Grassland Grassland 
Northern Rocky Mountain Subalpine-Upper Montane Grassland Grassland 
Apacherian-Chihuahuan Semi-Desert Grassland Grassland and Steppe 
Central Mixedgrass Prairie Grassland Mixedgrass Prairie 
Northwestern Great Plains Mixedgrass Prairie Mixedgrass Prairie 
Western Great Plains Sand Prairie Grassland Sand Prairie 
Western Great Plains Shortgrass Prairie Shortgrass Prairie 
Western Great Plains Tallgrass Prairie Tallgrass Prairie 
Recently Burned-Herb and Grass Cover Transitional Herbaceous Vegetation 
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vegetation density in the Existing Vegetation Cover layer were reduced to three, more 
general classes (10–39%, 40–69% and 70–100%; Table 4). The rationale for these class 
breaks was based on guidance from the literature (see Table 2). Vegetation height was 
addressed using information from the LANDFIRE Existing Vegetation Height layer, 
which contained three herbaceous height classes relating to short (<= 0.5 m), medium 
(0.5–1.0 m), and tall (> 1.0 m) vegetation (Table 4). The pixels in the three aggregated 
grassland layers created for each ecoregion were aggregated into patches for subsequent 
use in patch-based analyses (see Quantifying Spatial Configurations of Public 
Grasslands). 
 
Table 4. Grassland density and height variables simplified from the Existing Vegetation 
Cover and Existing Vegetation Height LANDFIRE products. 
Variable Value Range Herbaceous Vegetation  
Low-density Grassland Cover 0 ‒ 39% Cover >= 10 and < 20 
Cover >= 20 and < 30 
Cover >= 30 and < 40 
   
Medium-density Grassland Cover 40 ‒ 69% Cover >= 40 and < 50 
Cover >= 50 and < 60 
Cover >= 60 and < 70 
   
High-density Grassland Cover 70 ‒ 100% Cover >= 70 and < 80 
Cover >= 80 and < 90 
Cover >= 90 and <= 100 
   
Short Grassland Height 0 ‒ 0.5 m Height <= 0.5  
   
Medium Grassland Height 0.5 ‒ 1.0 m Height 0.5 ‒ 1.0  
   
Tall Grassland Height ≥1.0 m Height > 1.0  
 
 A quality assessment provided by LANDFIRE for the Existing Vegetation Types 
dataset occurring within the study ecoregions reported a range of 24% to 84% producer’s 
agreement (i.e., the accuracy of the classification algorithm used to generate the product 
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measured in percent)  and 40% to 92% user’s agreement (i.e., the percent of mapped 
classifications deemed correct by the end user) for the various grassland cover types 
(http://www.landfire.gov/documents/LANDFIRENationalEasternAgreementAssessmentS
uperZoneAnalysis.pdf, accessed December 15, 2016), with moderate to low rates of 
agreement for the most prevalent types (shortgrass prairie = 69% user’s / 44% producer’s 
agreement; mixedgrass prairie =  77% producer’s / 71%  user’s; and sand prairie = 24% 
producer’s / 44% user’s; (http://www.landfire.gov/dp_quality_assessment.php, accessed 
December 13, 2016).  However, aggregating the individual grassland types to yield a 
single grassland category, as was done for the current study, should have substantially 
improved the level of accuracy by removing errors introduced when distinguishing 
among grassland types (Gallant 2009). No data quality reports were available for the 
Existing Vegetation Cover or Existing Vegetation Height products. 
 
Land Stewardship 
 Data on land stewardship/jurisdiction and conservation status were obtained 
through the U.S. Geological Survey (USGS), Gap Analysis Program’s (GAP) Protected 
Areas Database - United States (PAD-US) for the year 2012 to coincide with the vintage 
of the LANDFIRE land cover data. The PAD-US layer provided boundaries of federally 
owned lands managed by the BLM, DOD, FWS, NPS, and USFS (see Figure 3), among 
other entities. Also provided with the dataset were GAP status codes identifying four 
levels of administrative management, which I used as a surrogate for the conservation 
strategy for each property: (1) biodiversity – natural or simulated natural disturbance 
regime allowed; (2) biodiversity – suppression of natural disturbances; (3) multiple use 
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(managed for a variety of uses, such as tourism, energy development, resource extraction, 
livestock grazing, and conservation); and (4) unknown protection strategy. For this study, 
the first two levels, indicating a biodiversity management strategy, were pooled into a 
single category for protected areas. 
 The PAD-US database also included lands held in trust by national, state, and 
local governments, as well as conservation lands held by non-government organizations. 
Non-federal holdings were excluded from the analysis. The database further contained 
areas delineated for planned future public land acquisitions, and these areas also were 
eliminated from the analysis. 
 The data extracted from the PAD-US 2011 dataset were intersected with the 
grassland layer to distinguish grassland areas under different federal agency stewardship 
and level of administrative protection. 
 
Climate Data 
 Climate data were incorporated into the analysis to capture (1) a north-south 
gradient in air temperatures (also related to length of growing season) that might relate to 
avian species richness associated with vegetation characteristics (including phenology) 
and (2) an east-west gradient in precipitation that influences vegetation type, plant 
density, and vegetation vigor, which in turn could relate to habitat conditions that 
influence avian species richness. Thirty-year climate normals characterizing mean annual 
temperature and mean total precipitation for the period from 1981 to 2010 were used to 
represent the gradients. Data were obtained from the PRISM (Parameter-elevation 
Regressions on Independent Slopes Model) Climate Group (Daly, Taylor, and Gibson 
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1997). PRISM is a mature climatology model originally developed at the beginning of the  
 
Figure 3. Land stewardship agency boundaries in the Northwestern Great Plains and 
High Plains ecoregions.  
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1990s (http://www.prism.oregonstate.edu/documents/PRISM_history_jun2013.pdf; Daly 
and Bryant 2013, accessed May 21, 2016) and produced as wall-to-wall surfaces across 
the conterminous United States. The model’s key strengths include the repeatability of 
statistical procedures over complex terrain and outputs of relatively high spatial 
resolution. 
 The 30-year normals for precipitation and air temperature were resampled from 
their native 800 meter spatial resolution to 30-meter resolution to correspond with the 
landscape variables described previously. 
 
Elevation Data 
 Elevation of the landscape, an indirect habitat variable, was incorporated into the 
bird distribution models based on literature reviewed (for example; Cody 1985; Wiens, 
Rotenberry, and Van Horne 1987; North American Bird Conservation Initiative 2011). I 
obtained data from the National Elevation Dataset (NED), a 1-arc-second (approximately 
30-meter), bare earth, seamless, wall-to-wall elevation product, from the U.S. Geological 
Survey (https://nationalmap.gov/elevation.html, accessed December 31, 2016), for the 
two study areas. The terrain within my two study ecoregions is relatively featureless; 
however, the rationale for using this dataset was that published avian habitat distribution 
models have been incorporating this variable more often as birds make use of higher 
elevations to avoid increased temperatures associated with climate change (LaSorte and 
Jetz 2010; Friggens and Finch 2015).   
Avian Presence Data 
 Data on bird species occurrence are key to training spatially explicit habitat 
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models to assess potential use of available habitat by different species. Two national 
databases are available and were used to assemble observations of grassland bird 
occurrence for the two ecoregions: USGS Breeding Bird Survey (BBS; 
https://www.pwrc.usgs.gov/bbs, accessed December 31, 2016) and eBird (Sullivan et al. 
2009; see also ebird.org and www.birds.cornell.edu/citscitoolkit/projects/clo/eBird, 
accessed December 31, 2016). Data were acquired for June 1 to July 15 for the years 
2009 to 2013. This summer window represented the likely “breeding” season of 
grassland birds and was used to improve the likelihood of species occurrence being 
recorded in suitable habitat (Pulliam 2000). The purpose for using multiple years of data 
was to accommodate interannual variation in species presence (Wiens 1977; Niemuth et 
al. 2008; Sohl 2014).  
 Sampling biases inherent in these datasets can have a substantial influence on 
species distribution models (Graham et al. 2008; Phillips et al. 2009; Fourcade et al. 
2014). Known biases in the two databases and corrective filtering methods to reduce 
these effects are described below. The two avian datasets were subsequently aggregated 
for each species. Spatial bias in the uneven geographic distribution of observations was 
mitigated by ensuring that no two, randomly chosen observations could be within 20 km 
of one another to reduce high sampling densities in over-represented areas (Sohl 2014). 
This provided a more dispersed set of observations for modeling while maintaining a 
recommended sample size of 30 or more observations for each species (Baldwin 2009). 
 
Breeding Bird Survey 
 
 The Breeding Bird Survey (BBS), established in 1966, was the result of a joint 
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collaboration between the USGS Patuxent Wildlife Research Center and the Canadian 
Wildlife Service in response to public concerns regarding the effects of pesticides on 
wildlife populations, but BBS research applications have since expanded beyond the 
scope of pesticide concerns (https://www.pwrc.usgs.gov/bbs/about, accessed December 
31, 2016). The BBS program is dependent on skilled volunteer birdwatchers who receive 
basic training in BBS methodology. Data are acquired annually on more than 4,100 
driving routes scattered across the United States and Canada 
(https://www.pwrc.usgs.gov/bbs/about, accessed December 31, 2016). Each route 
extends 39.4 km (24.5 mi) and has 50 stops, one every 0.8 km (0.5 mi), where the 
observer records all birds seen and heard within approximately a 400 m (0.25-mi) radius 
for three minutes (Sauer et al. 1994).  
 One inherent bias associated with the BBS dataset is the ability of the observer to 
correctly identify bird species at each stop, particularly for new observers. Additional 
artifacts are the non-statistical framework used for distributing routes across the 
landscape, potential autocorrelation among routes over time, differences in the number of 
years the routes are surveyed, and varying number of observers over time (Sauer et al. 
1994). I mitigated these effects with filters to omit first-time observers and ensure that 
observations of the routes occurred during the target season (June 1–July 15) and years 
(2009–2013). The selected routes were segmented to extract stop-level observations 
within the study regions.  
 
eBird 
 
 eBird is a citizen-science project initiated in 2002 as a collaborative effort 
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between the Cornell Lab of Ornithology and the National Audubon Society to provide an 
interactive Web-based interface for collecting and distributing data on bird occurrences 
worldwide (Sullivan et al. 2009; and see ebird.org and 
www.birds.cornell.edu/citscitoolkit/projects/clo/eBird, accessed December 31, 2016). 
Whereas collection of BBS data is restricted to specific routes, eBird observations can be 
submitted for any location and therefore can provide information on species occurrence 
across broad landscapes. Thus, eBird data are temporally and spatially haphazard, with 
observations tending to be clustered around highly populated and/or easily accessible 
areas (Sullivan et al. 2009). As a result, eBird data biases include inequitable distribution 
of birding efforts over time and space in addition to varying skill level of observers, 
varying levels of species detectability, and various sampling techniques. The Web-based 
eBird interface provides users with a checklist of birds expected at their chosen location 
and date for data entry as an initial precaution against questionable entries. Observation 
protocols include incidental observation, stationary count, traveling count, or exhaustive 
area count, but only one geographic coordinate can be submitted, regardless of the 
observation protocol selected. Once observations are submitted, automated filters check 
for anomalous entries and regional experts manually review the flagged entries (Sullivan 
et al. 2009). This two-stage verification process does not eliminate issues with observer 
skill level or species detectability, but does minimize their impacts.  
 I applied spatial filtering to exclude observations for travel counts where observer 
distances exceeded 2 km and exhaustive area counts where the search area was greater 
than 100 ha (Sohl 2014), per guidance from the literature, to mitigate some of the 
inequities in the geographic distribution of species and observations represented in eBird 
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data (Kramer-Schadt et al. 2013; Boria et al. 2014; Anderson 2014). The filtered eBird 
observations were aggregated with the filtered BBS data. 
 
Modeling Species Potential Habitat Distribution 
 Multiple options exist for modeling potential habitat distributions from species 
presence-only data. I selected the Maxent habitat modeling software because it has a 
well-documented, straightforward graphical user interface; its performance is consistent 
with other popular methods (Elith et al. 2006); and the output models can be interpreted 
easily. The name “Maxent” implies maximum entropy, a machine learning technique that 
estimates an approximately uniform distribution while ensuring that the expected value 
for each environmental habitat variable, such as land cover, 30-year mean annual 
temperature, and landscape structure, matches its empirical average (Phillips, Dudik, and 
Schapire 2004). 
 Presence-only data do not support an assumption that unreported species are 
absent (Elith et al. 2011). Maxent has been shown to be effective in accommodating this 
limitation when developing predictive distribution models (Hernandez et al. 2006; Elith 
et al. 2011) by incorporating locations of “background” sample places, devoid of 
presence data, to model the probability of avian occurrence conditioned on user-specified 
environmental niche variables. Background sample locations can be generated within 
Maxent (default is 10,000 points) for the extent of a study region (Elith et al. 2011), an 
option I selected for the current study because the avian observations covered all or a 
majority of each ecoregion. I conducted preliminary trials to limit the area for the 
selection of background points to a 100-km or 200-km neighborhood around each 
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observation, as used by VanDerWal et al. (2009), but the area represented as 
“background” proved too restrictive in some places and extended outside regional 
boundaries in others. 
 Input for the species potential habitat distribution models included spatially 
filtered presence data (see earlier section on Avian Presence Data) as the dependent 
variable for each of the 13 species of grassland birds. Predictor variables included those 
related to environmental gradients of precipitation (30-year mean total annual 
precipitation; Pearson and Dawson 2003), temperatures (30-year mean annual 
temperature; Pearson and Dawson 2003), and topography (elevation; Rahbek et al. 2007) 
that would influence vegetation type, vegetation growth, vegetation stature (tall, medium, 
and short height; see Table 4), and proportion of the area covered by grasses (high, 
medium, and low biomass density; see Table 4). Predictor variables indicating the 
amount of grassland in the landscape within 800 m, 1200 m, and 1600 m of each pixel 
were added to consider the influence of additional nearby habitat at scales of accessibility 
that might favor different bird species, as suggested in the literature (Cunningham and 
Johnson 2006). These distances not only provided information on the habitat surrounding 
each pixel, but also helped mitigate potential locational errors in the land cover and avian 
presence datasets. Previous research found distances greater than 800 m were most 
suitable for assessing the influence of landscape on grassland birds (Cunningham and 
Johnson 2006). However, nested scales of land cover introduce multicollinearity into the 
analysis because overlapping scales cannot be considered as independent variables. 
Although Maxent’s process of regularization is robust (Elith et al. 2011), I avoided the 
issue of multicollinearity by addressing the three landscape scales in separate models, 
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ranking the results to compare the relative influence of the different explanatory 
variables. 
 
Assessing Model Results 
 
 Data for model training and testing were analyzed using a cross-validation 
approach. With cross-validation, data are divided into k-folds or subsets (Elith et al. 
2011). For the current study, data were randomly divided into four subsets, with one 
subset (25% of data) withheld for model testing and three subsets (75% of data) used for 
model training. Training and testing were repeated four times so that each subset was 
used for model testing in one iteration (Elith et al. 2011). Other parameter settings used 
for Maxent largely followed the suggested defaults (see APPENDIX I), which have been 
determined to be well suited for a wide range of presence-only datasets (Phillips and 
Dudík 2008). 
 Maxent provides a statistic for the area under a receiver operating curve (AUC) to 
estimate model performance. When considering presence-only data, AUC is the 
probability of a randomly chosen location of observed occurrence being ranked above a 
randomly chosen background site (Elith et al. 2011). AUC values range from 0 to 1, 
where the median value of 0.5 indicates a predictive ability no better than a random 
choice and a value of 1 indicates a perfect model for predicting occurrence. Generally, 
models with AUC values ranging from 0.7 to 0.8 are considered acceptable and models 
with values greater than 0.8 are considered to be excellent (Phillips, Anderson, and 
Schapire 2006).  
 An additional means to evaluate model performance, also included in Maxent’s 
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analysis output, is the permutation importance for each variable in the model, calculated 
as the normalized percentage of the decrease in the training AUC resulting from the 
random permutation of the values of each predictor variable among the training points 
(Phillips, Anderson, and Schapire 2006). The permutation importance provides an 
indication of a variable’s explanatory power in the final model. Once suitable models are 
identified, a threshold is needed to generate a binary map (present/not-present) from 
Maxent’s output. The “maximum sensitivity plus specificity” threshold is preferred 
because it has been found to produce similar thresholding values for both presence-only 
data and presence-absence data (Liu et al. 2013). “Sensitivity” refers to the proportion of 
test locations where presence is correctly predicted by the model (Phillips, Anderson, and 
Schapire 2006) and “specificity” refers to the proportion where non-presence is correctly 
predicted. I used the maximum sensitivity plus specificity threshold for the current 
analysis and compared the resulting binary maps with species range maps from the USGS 
GAP Analysis Program's Species Viewer (http://gapanalysis.usgs.gov/species/viewer, 
accessed December 31, 2016) for anomalous output prior to incorporating the maps into 
additional analyses.  
 
Suitable Avian Habitat Distribution by Land Stewardship 
 
 I intersected the avian distribution maps with the maps of land stewardship for 
each ecoregion to calculate the proportion of each avian species’ potential habitat range 
within public lands. The amount and distribution of public grasslands relative to non-
public grasslands in the two study regions is highly uneven, and it seemed reasonable to 
explore the potential influence this may have on avian distribution patterns. The 
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probability of each avian species occupying public versus non-public grassland in the 
study regions was tested using a binomial probability distribution (Freund and Wilson 
2003) to determine if occurrence of each species within public lands was greater than 
expected. Assuming that suitable and non-suitable habitat and public and non-public 
ownership of grasslands are independent, the probability equations are: 
 𝑃(𝑎 𝑎𝑛𝑑 𝑏) = 𝑎(𝑖, 𝑗) ∗ 𝑏(𝑖, 𝑗) (1) 
and  
 
 
𝑃(𝑦) =  
𝑛!
𝑦! (𝑛 − 𝑦)!
𝑝𝑦(1 − 𝑝)𝑛−𝑦 
(2) 
where, in Equation 1, P is the probability of each avian species occurring in a cell (i,j) 
that contains both suitable habitat equal to the percent of the study area occupied by the 
selected species (a) and public grasslands equal to the percent of the study area within 
public lands (b). In Equation 2, P(y) is the probability of occurrence for a selected avian 
species within suitable public grassland habitat, where n is the total number of cells in the 
species distribution map; y is the number of cells in public grasslands occupied by the 
avian species; and p is the probability of selecting suitable public grassland habitat, as 
calculated by Equation 1. Determining statistical significance, that is, whether a species 
occupies public lands more often than expected by chance, was conducted via a chi-
squared test in the R software package (R Core Team 2013; note this test is 
mathematically equivalent to the z-test). 
 Species richness was estimated by stacking the avian distribution maps and 
summing the number of species predicted for each cell. Richness was summarized by 
category of ownership and conservation status (for public grasslands), ecoregion, and 
one-degree latitudinal belts over the north-south extent of the study region. 
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Quantifying Spatial Configurations of Public Grasslands 
Gradient Analysis 
 
I quantified the landscape-scale spatial configuration of public grasslands within 
latitudinal increments of one degree for each ecoregion. I used the FRAGSTATS 
software package (McGarigal et al. 2002), which offered a wide array of metrics, 
including the set I selected to interpret landscape fragmentation in accordance with a 
given patch-matrix model (Table 5). The selection of indices was based largely on a 
previous study that compared public lands with farmlands managed for conservation or 
crops to support grassland birds (Cunningham 2005) and measurements of edge effects 
on grassland nesting birds (Burger, Burger, and Faaborg 1994; Delisle and Savidge 
1996).  
 
Table 5. Selected landscape metrics 
Landscape Metric Description 
Area-Weighted Mean Patch Size  A landscape-based perspective of mean patch size, 
measured in hectares. Each patch was weighted by its 
proportional area in the landscape. 
Area-Weighted Mean Proximity Index  A measure indicating the degree of patch isolation 
and fragmentation (or distance to the nearest 
neighboring patch of the same type) using the size 
and proximity of all patches whose edges were 
within a specified search radius of the focal patch.  
Area-Weighted Core Area  A measure of patch extent, in hectares, after 
eliminating a specified edge buffer (Laurance 1991) 
Number of Patches A count of the number of patches in the landscape. 
 
 Mean patch size, mean proximity index, and core area metrics frequently are 
selected to describe the configuration of a landscape. However, in landscapes with many 
small patches (e.g., 1–2 cells in size), such as in land cover maps developed from satellite 
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data, mean-based statistics will be overwhelmed by small patches, even though they may 
represent a very small proportion of the total landscape area. Area-weighted statistics 
proportionally weight the size of each patch by its areal contribution to the landscape, 
resulting in metrics that provide more of a landscape functional perspective than a class-
specific perspective (Li and Archer 1997).  
 I used a nonparametric measure of agreement to compare relations between pairs 
of the area-weighted landscape metrics and species richness along a latitudinal gradient. I 
initially determined that assumptions of data normality and linearity would not be met for 
these relations, then selected the nonparameteric Spearman rank correlation statistical test 
for the comparisons. The Spearman rho and corresponding p-value measure the strength 
and significance, respectively, of a monotonic relation between two variables, where: 1.0 
indicates a perfect positive correlation; -1.0 indicates a perfect negative correlation; and 
0.0 signifies no correlation. 
 I also summarized species richness for each latitudinal belt along the north-south 
gradient. 
 
Fragmentation and Proximity Analysis 
 
 I conducted patch-based analyses to investigate the level of fragmentation of 
grasslands within and around public lands. To do this, I selected a random sample of 
parcels within each agency’s holdings to compare the amount and size of patches 
supporting avian richness. Sample size was determined per agency using these formulas: 
 SSI = 
𝑧2 ∗ 𝑝 ∗ (1−𝑞)
𝐶2
                  (3) 
and   
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 SSF = 
𝑆𝑆I
(1+ (
𝑆𝑆𝐼−1
𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑆𝑖𝑧𝑒
))
 (4) 
 
where, in Equation 3, SSI is the sample size of an infinite population. The z squared value 
is equivalent to 1.962 for a 95 percent confidence level.  Population proportions are 
represented by p (i.e., 0.5), because all parcels have an equal opportunity of being 
selected. The resulting sample size from Equation 3 was used in the finite sample size, 
SSF, in Equation 4 to calculate the sample size needed for each agency.  
 I joined the grassland layer with agency jurisdictions and summarized grassland 
patches within 800, 1200, and 1600 m distance from the boundaries of the public lands to 
assess if nearby (external) grasslands enhanced the species richness within the boundaries 
of agency parcels. I determined the number of patches, median patch size, median 
absolute deviation, quartile patch sizes, mean patch size, and area-weighted mean patch 
size to enable a general assessment of the influence of habitat fragmentation and the 
influence of nearby grasslands on species richness within public grasslands. However, the 
large data dimensions for the extent of an entire ecoregion exceeded software limitations 
and prevented me from implementing a more detailed analysis of these spatial metrics 
similar to the one I implemented for the latitudinal gradient analysis. 
 I calculated species richness for the sampled parcels and surrounding neighboring 
landscape at distances of 800, 1200, and 1600 m per agency and used the Kruskal-Wallis 
test to investigate if the amount of grassland in the local landscapes surrounding federal 
lands was associated with species richness.  
 The collective body of existing research on habitat characteristics associated with 
grassland bird species and techniques to understand relations between spatial occurrence 
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of landscape features and bird species, along with a growing variety of available 
environmental and species occurrence data, provide a good foundation for the current 
research. These elements can be brought together to address the three research questions 
posed earlier that will improve our understanding of the spatial contribution of public 
grasslands to conservation of bird habitat and the use of these lands by grassland birds.   
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CHAPTER 4 - RESULTS AND DISCUSSION 
Distribution of Public Grasslands  
 Grasslands accounted for 56 percent of the Northwestern Great Plains landscape 
(Figure 4), of which only 13 percent, or about 2.5 M ha, fell within the protective 
boundaries of the federal agencies in this study. The landscapes of the High Plains 
ecoregion contained only about 30 percent grassland (Figure 5), with four percent, or 
309,000 ha, falling within the boundaries of these same federal agencies (Table 6), which 
was well below the estimated national average where grasslands constituted 14 percent of 
public lands (North American Bird Conservation Initiative 2009). The distribution of 
public grasslands within the borders of BLM, DOD, FWS, NPS, and USFS lands, by 
ecoregion, are enumerated in Table 6, along with the proportion of those grasslands 
associated with each of three administrative strategies relevant to conservation planning: 
protected (i.e., managed for biodiversity), multiple use, and unknown management 
strategy (Margules and Pressey 2000). Results indicated that both ecoregions sustained 
approximately half their respective public land allocations as grassland, although the 
Northwestern Great Plains had 78 percent more public grassland than the High Plains.  
 Protection of these public grasslands for biodiversity averaged less than ten 
percent per ecoregion. The primary administrative practice for grasslands in both 
ecoregions targeted multiple use (i.e., managed for a variety of uses), such as for tourism, 
energy development, resource extraction, livestock grazing, and conservation. Prior to the 
implementation of the multiple use policy in 1974, the primary focus for public lands was 
livestock grazing and resource extraction (Platt 2004). More recently, concerns that 
define and shape public lands have added conservation and recreation to that focus for 
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roughly 85 percent of public grasslands within the two study regions. 
 
 
Figure 4. Distribution of grassland cover in the Northwestern Great Plains ecoregion. 
 
 
Grassland Bird Habitat Suitability Models 
Northwestern Great Plains 
 
 The majority of the best-ranking species distribution models produced for 
grassland birds of the Northwestern Great Plains (Table 7) characterized the amount of 
grassland within 800 m of each pixel. Performance varied, with AUC values ranging 
from 0.57, for the Horned Lark (Calamospiza melanocorys), to 0.81, for the Dickcissel 
(Spiza americana). Only the Dickcissel model exceeded a predictive threshold greater 
than 0.70 AUC. The AUC results for the remaining avian distribution models for the  
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Figure 5. Distribution of grassland cover in the High Plains ecoregion. 
 
Northwestern Great Plains were weak, though greater than that of a randomly selected 
background site. The suitable habitat range for each of the best models (see Appendix II) 
was visually comparable with the maps accessible from the USGS GAP Analysis 
Program's Species Viewer (http://gapanalysis.usgs.gov/species/viewer, accessed 
December 31, 2016). The most influential variables across most species models included 
the amount of vegetation coverage (both low- and medium-density categories) and 
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elevation. Vegetation density identified in these models differed from anticipated results 
(based on Table 2) by one level for three of the species (Ferruginous Hawk, Northern 
Harrier, and Long-billed Curlew). For example, the Northern Harrier was expected to 
prefer areas with higher density of grassland cover that are not grazed or otherwise 
managed; however, the model indicated medium-density cover was associated with this 
species in the Northwestern Great Plains. 
 
Table 6. Allocation of public grasslands per agency within the three stewardship 
categories. BLM = Bureau of Land Management; DOD = Department of Defense; FWS 
= Fish and Wildlife Service; NPS = National Park Service; USFS = U.S. Forest Service. 
      Proportion Grassland Management 
 
 Land (ha)  Grassland (ha) 
Biodiversity 
(%) 
Multi-use 
(%) 
Unknown 
Strategy 
(%) 
Region 
Agency 
Northwestern Great Plains 
    
       BLM 2,131,699 1,136,948 3.9 96.1 – 
       DOD 456,129 56,745 6.9 0 93.1 
       FWS 168,155 96,479 99.9 – 0.1 
       NPS 106,801 49,431 77.1 22.5 0.4 
       USFS 1,665,886 1,185,161 0.1 99.9 – 
Total 4,528,670 2,524,764 7.3 90.6 2.1 
      
High Plains   
   
       BLM 234,023 58,516 2.5 97.5 – 
       DOD 38,337 24,988 – – 100 
       FWS 17,275 2,803 99.8 0.2 – 
       NPS  3,587 2,364 62 31.8 6.1 
       USFS 292,629 220,565 11.2 88.8 – 
Total 585,851 309,236 9.8 82.1 8.1 
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Table 7. Maxent model results for the best-ranking model associated with each of the 
selected grassland bird species in the Northwestern Great Plains ecoregion. AUC = area 
under the receiver operating characteristic curve; SD = standard deviation. 
Common Name 
Buffer 
Distance (m)  AUC SD Most influential variable 
Burrowing Owl 800 0.63 0.08 Mean annual temperature – 30 years 
Grasshopper Sparrow 800 0.58 0.05 Elevation 
Upland Sandpiper 800 0.62 0.05 Elevation 
Ferruginous Hawk 1600 0.64 0.07 Vegetation cover – low density 
Swainson's Hawk 800 0.64 0.06 Vegetation cover – low density 
Northern Harrier 800 0.59 0.05 Vegetation cover – medium density 
Lark Sparrow 1600 0.65 0.04 Vegetation cover – medium density 
Lark Bunting 800 0.64 0.04 Elevation 
Horned Lark 800 0.57 0.05 Grassland within 800 m  
Long-billed Curlew 1600 0.67 0.06 Vegetation cover – medium 
Vesper Sparrow 1200 0.64 0.04 Elevation 
Dickcissel 800 0.81 0.05 30 year mean annual precipitation 
Western Meadowlark 1600 0.61 0.04 Vegetation height - short 
 
 
High Plains 
 
 The avian distribution models generated for the High Plains ecoregion performed 
better than those generated for the Northwestern Great Plains, although several of the 
best-ranking models also had AUC values less than 0.70. The majority of best-ranking 
models were those that included the amount of grassland within 1200 or 1600 m of each 
pixel (Table 8). Performance of the models for this ecoregion were varied, with AUC 
values ranging from 0.63, for the Burrowing Owl (Athene cunicularia), to 0.79, for the 
Ferruginous Hawk (Buteo regalis). Models for seven species had AUC values greater 
than 0.70. As with the Northwestern Great Plains, all of the High Plains avian distribution 
models indicated a predictive ability greater than that of randomly selected background 
sites. Additionally, the suitable habitat range for each of the best models (APPENDIX II. 
Maxent Results and Avian Distribution Maps) was visually comparable with maps 
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accessible from the USGS GAP Analysis Program's Species Viewer 
(http://gapanalysis.usgs.gov/species/viewer, accessed December 31, 2016). The most 
influential variables across most species models in this ecoregion included short 
vegetation height and 30-year mean annual precipitation. Vegetation height associations 
were in agreement with expectations from Table 2, except for the Grasshopper Sparrow’s 
(Ammodramus savannarum) association with medium, rather than low, vegetation height. 
 
Table 8. Maxent model results for the best-ranking model associated with each of the 
selected grassland bird species in the High Plains ecoregion. 
Common Name 
Buffer 
Distance (m) AUC SD Most Influential Variable 
Burrowing Owl 800 0.63 0.06 Grassland within 800 m  
Grasshopper Sparrow 1200 0.69 0.04 Vegetation height - short 
Upland Sandpiper 1200 0.78 0.06 Mean annual temperature – 30 years 
Ferruginous Hawk 1600 0.79 0.06 Mean annual temperature – 30 years 
Swainson's Hawk 1200 0.65 0.04 Vegetation height - short 
Northern Harrier 1200 0.73 0.06 Mean annual temperature – 30 years 
Lark Sparrow 1200 0.64 0.04 Vegetation height - short 
Lark Bunting 800 0.04 0.42 Vegetation cover – high density 
Horned Lark 1600 0.70 0.04 Vegetation height - short 
Long-billed Curlew 1200 0.68 0.09 Elevation 
Vesper Sparrow 1600 0.76 0.06 Elevation 
Dickcissel 1600 0.71 0.04 Mean annual temperature – 30 years 
Western Meadowlark 1200 0.64 0.03 Vegetation height - short 
 
Public Lands 
 
 The avian range maps generated from the species models were overlaid with maps 
of land stewardship (see Figure 3) and administrative strategy to calculate the proportion 
of each species’ likely habitat range within public lands and the associated level of 
administrative protection per ecoregion. Results (Table 9) indicated that the proportion of 
modeled suitable habitat for species occurrence within public lands was approximately 
46 
 
Table 9. Proportion of modeled suitable habitat by land jurisdiction and species. BLM = 
Bureau of Land Management; DOD = Department of Defense; FWS = Fish and Wildlife 
Service; NPS = National Park Service; USFS = U.S. Forest Service. 
  Proportion of Suitable Habitat (%) 
Region Common Name BLM  FWS   USFS  DoD  NPS NonPublic  
Northwestern Great Plains       
 Burrowing Owl 2.5 0.2 4.2 1.2 0.5 91.4 
 Grasshopper Sparrow 3.3 0.3 4.8 0.7 0.6 90.3 
 Upland Sandpiper 4.0 0.6 3.1 2.6 0.6 89.2 
 Ferruginous Hawk 7.1 0.4 4.1 1.0 0.3 87.2 
 Swainson's Hawk 5.1 0.4 3.6 1.7 0.4 88.2 
 Northern Harrier 6.6 0.6 4.0 2.2 0.5 86.2 
 Lark Sparrow 7.3 0.6 3.5 2.5 0.4 85.7 
 Lark Bunting 6.9 0.5 4.5 0.7 0.5 86.9 
 Horned Lark 6.2 0.4 4.0 1.0 0.6 87.5 
 Long-billed Curlew 6.7 0.4 5.1 0.2 0.4 87.3 
 Vesper Sparrow 7.7 0.4 5.2 0.7 0.4 85.7 
 Dickcissel 0.8 0.1 2.3 2.3 0.6 93.8 
 Western Meadowlark 6.5 0.5 3.5 2.4 0.4 86.7 
High Plains       
 Burrowing Owl 0.8 0.1 1.5 0.2 0.0 97.4 
 Grasshopper Sparrow 0.2 0.1 0.4 0.1 0.0 99.2 
 Upland Sandpiper 0.2 0.0 0.3 0.2 0.0 99.3 
 Ferruginous Hawk 0.3 0.1 1.7 0.4 0.0 97.4 
 Swainson's Hawk 0.8 0.1 0.5 0.2 – 98.5 
 Northern Harrier 0.1 0.1 0.4 0.1 – 99.3 
 Lark Sparrow 0.6 0.1 0.8 0.2 0.0 98.3 
 Lark Bunting 0.3 0.0 1.0 0.2 0.0 98.5 
 Horned Lark 0.3 0.1 0.6 0.1 – 99.0 
 Long-billed Curlew 1.8 0.1 2.0 0.3 – 95.9 
 Vesper Sparrow 0.4 0.1 1.6 0.3 0.0 97.6 
 Dickcissel 0.1 0.0 0.2 0.1 – 99.6 
  Western Meadowlark 0.6 0.0 0.3 0.1 – 98.9 
 
 
ten percent greater in the Northwestern Great Plains than in the High Plains. The 
Northwestern Great Plains ecoregion contained roughly 37 percent suitable habitat and 
the High Plains contained about 24 percent suitable habitat across both public and non-
public lands combined. The primary agencies that contained the majority of suitable 
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habitat within both ecoregions were the Bureau of Land Management and the U.S. Forest 
Service.  
 
 Suitable habitats for the Upland Sandpiper (Bartramia longicauda) and the 
Dickcissel (Spiza americana) were among the most protected areas in the Northwestern 
Great Plains ecoregion (Table 10), with nearly 13 percent of their respective ranges 
within public lands administered for the protection of biodiversity. In the High Plains 
region, the Upland Sandpiper had approximately 18 percent, and the Dickcissel about 15 
percent, of their respective suitable habitat ranges within the most protected public lands. 
Both species had an additional 50 to 60 percent of their ranges occurring within multiple 
use areas of public lands in each ecoregion. Moreover, multiple use lands provided the 
majority of federally administered habitat in both ecoregions for all 13 species. Overall, 
the High Plains ecoregion contained a higher proportion of suitable habitat within public 
lands that were managed for biodiversity, as compared with the Northwestern Great 
Plains.  
 I tested the probability for each species to occur more often than expected by 
chance in public grasslands versus non-public grasslands and found no preferential 
selection using two-sample t-tests with p < 0.0001. This result was expected in the sense 
that birds do not distinguish artificial boundaries such as public and private grasslands, 
and yet it also implies that broad scale habitat quality may be perceived as similar among 
public and private grasslands from the avian perspective.  
 
Species Richness and Habitat 
 Species richness, a measure of the number of species in a specified area (Brown, 
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Table 10. Proportion of modeled suitable habitat range per avian species within public 
lands by administrative strategy. 
Region Common Name Area (Ha) Protected (%)  Multiple Use (%) Unknown (%)  
Northwestern Great Plains     
 Burrowing Owl 876,800 10.6 75.4 14.1 
 Grasshopper Sparrow 773,984 11.0 81.5 7.5 
 Upland Sandpiper 921,648 12.9 63.7 23.5 
 Ferruginous Hawk 2,102,976 6.6 85.7 7.8 
 Swainson's Hawk 1,843,683 9.3 76.0 14.8 
 Northern Harrier 1,848,513 9.2 75.0 15.8 
 Lark Sparrow 1,903,057 8.5 74.0 17.6 
 Lark Bunting 1,962,666 10.2 84.6 5.1 
 Horned Lark 958,078 8.6 80.2 11.1 
 Long-billed Curlew 2,744,157 6.9 91.6 1.5 
 Vesper Sparrow 2,387,921 6.9 88.6 4.5 
 Dickcissel 586,964 12.7 50.4 37.0 
 Western Meadowlark 2,258,060 8.2 74.3 17.5 
High Plains     
 Burrowing Owl 153,752 8.7 85.3 6.0 
 Grasshopper Sparrow 63,429 16.8 66.2 17.0 
 Upland Sandpiper 54,567 18.0 57.5 24.5 
 Ferruginous Hawk 86,670 12.7 72.8 14.5 
 Swainson's Hawk 103,912 8.8 80.6 10.6 
 Northern Harrier 66,489 19.9 63.3 16.8 
 Lark Sparrow 95,565 11.7 78.3 10.0 
 Lark Bunting 109,516 13.7 73.0 12.8 
 Horned Lark 95,791 14.6 72.1 13.3 
 Long-billed Curlew 299,419 5.1 87.9 7.0 
 Vesper Sparrow 214,702 17.2 70.0 12.8 
 Dickcissel 38,252 15.6 64.0 20.4 
  Western Meadowlark 97,005 13.1 74.8 12.0 
 
 
Jacobs, and Peet 2007), aids researchers, conservation managers, and policy makers in 
identifying locations that support multiple species, along with potential gaps for further 
investigation. Species richness for this study was summarized by ecoregion, federal 
agency, and along a latitudinal gradient using categories of low richness (1–4 species), 
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medium richness (5–8 species), and high richness (9–13 species).  
 
Ecoregion 
 
 In the Northwestern Great Plains ecoregion (Figure 6), major areas of high 
species richness emerged in and near the upper Charles M. Russell National Wildlife 
Refuge in the northwestern part of the ecoregion, the upper Yellowstone River Basin in 
the west-central part of the ecoregion, and across several national grasslands administered  
 
Figure 6. Species richness map for the Northwestern Great Plains ecoregion, including 
public and private lands. 
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by the USFS in the eastern part of the ecoregion. Higher avian species richness in the 
High Plains were in the northern and western portion of the ecoregion along riparian 
corridors and around irrigated lands, as well as near wooded areas. 
 Aggregated results from the species models for the Northwestern Great Plains 
(Figure 6) indicated a significantly greater (p < 0.00001) proportion of area supporting 
high species richness (9–13 species) than was found for the High Plains ecoregion 
(Figure 7). This could be attributed in part to the greater quantity, size, and connectivity 
of grasslands in the Northwestern Great Plains. 
 
Federal Agency and Conservation Strategy 
 
 Species richness within both study ecoregions did not necessarily increase with 
the level of protection of public lands (Table 11). For example, in the Northern Great 
Plains there was roughly an equal proportion of area covered by low and medium 
categories of richness and about 10% less area represented by high species richness. The 
majority of the latter class did occur on lands managed for biodiversity, but most of the 
area associated with medium richness occurred on lands with unknown management 
strategies, and most of the area associated with low richness occurred on lands managed 
for multiple use (Table 11). In the High Plains, the majority of the area associated with 
high richness occurred in lands of unknown management strategy, and the general 
distribution of species richness across the landscape was highly skewed towards the low 
richness category (Table 11).  
 The missions of the Fish and Wildlife Service (conserving species and their 
habitats) and National Park Service (preserving natural resources) might lead to an 
expectation that their holdings would strongly support the grassland birds I studied. 
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Surprisingly, there was very little overlap between the modeled species distributions and 
the grassland holdings of these two agencies in either ecoregion (Table 12). BLM lands 
in the Northwestern Great Plains had the greatest overlap with the distribution of the 13  
Figure 7. Species richness map for the High Plains ecoregion, including public and 
private lands. 
52 
 
species in that ecoregion, although the majority of this area was associated with low 
avian richness. The USFS was the second largest landholder supporting these species in 
this ecoregion, but the skew towards low species richness was even more pronounced 
(Table 12). The BLM and USFS also were the largest landholders providing habitat in the 
High Plains ecoregion, but there the USFS provided the largest share of area supporting 
the studied species (50 percent of its holdings), and most of this land was associated with 
areas of high species richness. In contrast, only one percent of NPS lands in the High 
Plains overlapped the distribution of avian species richness, and 85 percent of this scant 
area was associated with low species richness (Table 12). 
 
Table 11. Proportion of species richness class by ecoregion and administrative status.  
      
Proportion (%) of Area by 
Species Richness Class 
Region 
Public Land Administrative 
Protection Strategies Hectares (%) 1–4 spp. 5–8 spp. 9–13 spp. 
Northwestern Great Plains 4,528,670    
 Managed for Biodiversity 317,007 (7) 34.2 25.3 40.5 
 Managed for Multiple Use 3,849,370 (85) 56.3 19.8 23.9 
 Unknown management Strategy 362,294 (8) 15.5 66.7 17.8 
      
High Plains 585,851    
 Managed for Biodiversity 64,444 (11) 74.7 10.1 15.2 
 Managed for Multiple Use 474,539 (81) 79.5 12.5 8.0 
  Unknown management Strategy 46,868 (8) 69.3 4.4 26.3 
 
 
Latitudinal Gradient 
 
Spatial measures of grassland habitat (area-weighted mean patch size, core area, 
and mean proximity) indicated seemingly better quality habitat was available in the  
Northwestern Great Plains than the High Plains (Figure 7). The Northwestern Great  
 
53 
 
Table 12. Proportion of species richness class by ecoregion and federal agency. See 
Appendix III for maps. 
      
Proportion (%) of Area by  
Species Richness Class 
Region Federal Agency 
Hectares 
supporting the 
studied avian 
species (%) 1–4 spp. 5–8 spp. 9–13 spp. 
Northwestern Great Plains 4,528,670 53.2 23.2 23.7 
 Bureau of Land Management  2,131,699 (47) 50.2 19.8 30.0 
 Fish and Wildlife Service 168,155 (4) 39.5 23.2 37.3 
 U.S. Forest Service 1,665,886 (37) 63.1 19.6 17.3 
 Department of Defense 456,129 (10) 16.2 66.2 17.6 
 National Park Service 106,801 (2) 27.7 34.1 38.2 
      
High Plains 585,851 59.5 19.3 21.3 
 Bureau of Land Management 234,023 (40) 74.0 20.5 5.6 
 Fish and Wildlife Service 17,275 (3) 57.9 15.4 26.7 
 U.S. Forest Service 292,629 (50) 41.5 3.7 54.8 
 Department of Defense 38,337 (7) 69.3 4.5 26.3 
  National Park Service 3,587 (1) 84.9 3.9 11.2 
 
 
 
Plains contained a larger quantity of grassland patches that also were of greater size and  
 
area-weighted mean core area (i.e., a measure of patch extent, in hectares, after  
 
eliminating an edge buffer of 60 m) than the patches contained within the High Plains 
ecoregion. Area-weighted mean patch size and area-weighted mean core area relate to 
grassland bird reproductive success, as larger patches are associated with reduced 
influence from predation, brood parasitism, and other such edge effects (Herkert 1994; 
Johnson and Igl 2001; Vickery et al. 1994). Area-weighted mean proximity metrics relate 
to the degree of isolation, or distance to the nearest neighboring patch of the same type, a 
respective patch or set of patches have from similar habitat and can affect habitat uses, 
such as foraging. The higher values for the area-weighted mean proximity index in the 
Northwestern Great Plains ecoregion indicated greater availability of more closely 
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connected patches than occurred in the High Plains ecoregion. 
 There did not appear to be a consistent pattern of the distribution of public 
grasslands that related to latitudinal gradient (Figure 8, Table 13), other than the  
 
 
Figure 8. Spatial metrics for public grasslands in the (a) Northwestern Great Plains and 
(b) High Plains ecoregions, and (c) the area-weighted mean proximity index for both 
ecoregions. 
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Northwestern Great Plains contained more public grasslands than the more southerly 
High Plains. The Spearman rank correlations for latitude, species richness, and the area-
weighted mean landscape metrics (i.e., patch size, proximity, and core area) provided a 
statistical method to identify potential relations of these variables along the latitudinal 
gradient (see Figure 9). 
Comparisons of species richness with area-weighted patch size and core area 
along a latitudinal gradient (Figure 9) indicated three statistically significant relations: a 
strong positive correlation between latitude and species richness (rho 0.72, p < 0.05), a 
moderate relation between latitude and area-weighted core area (rho 0.48, p < 0.05), and 
a moderate relation between area-weighted mean patch size and area-weighted core area 
(rho 0.65, p < 0.05). The relation between species richness and latitude was notable in 
that richness increased with latitude, which contrasted with what has been reported in the 
literature (Gaston and Fuller 2007). Core area also increased with latitude, which 
corresponded with the availability of more grassland from south to north through the two 
ecoregions. The other relations I tested were weak and had low significance, and the area-
weighted mean proximity index had no relation to the other metrics.  
 
Fragmentation and Proximity of Grasslands 
 In the Northwestern Great Plains ecoregion, there were around 400,000 grassland 
patches within the network of public lands. I sampled approximately half of these patches 
located within 2,035 randomly selected agency parcels (Appendix IV). There were 
considerably fewer patches of public grassland in the High Plains ecoregion (≈28,000) 
within the boundaries of the federal agencies included in this study. I sampled roughly 85  
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Figure 9. Correlation scatter plot with rho and p-values for all possible pairs along the 
latitudinal gradient. 
 
percent of these patches, located within 666 agency parcels in the High Plains (Appendix 
IV).  
 Grassland patches located within the sampled agency parcels for each ecoregion 
had a median absolute deviation patch size of 0.1 ha and third quartile measures of a half-
hectare or less, irrespective of federal agency, indicating that the vast majority of 
grassland patches for both ecoregions were quite small (assuming grassland was mapped 
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Table 13. Latitudinal gradient analysis of species richness (grouped in three categories) and grassland spatial metrics. 
   
Proportion of Species Richness 
by Category (%) Area-Weighted FRAGSTATS Metrics  
Ecoregion Latitude Area (Ha) 1-4 spp. 5-8 spp. 9-13 spp. AREA_AM* PROX_AM** CORE_AM† Number of Patches 
Northwestern Great Plains        
 48N 55,342.0 32.7 35.2 28.4 6,260.5 823.9 3,910.3 26,958 
 47N 777,199.1 50.3 14.9 25.3 12,943.3 4,855.6 27,243.9 158,213 
 46N 463,274.0 45.7 17.8 28.9 3,964.7 1,299.4 5,350.6 71,062 
 45N 444,057.5 50.0 18.3 23.5 5,129.3 2,226.5 3,579.2 89,176 
 44N 248,312.0 52.1 26.1 15.6 3,298.4 2,133.8 3,741.2 33,118 
 43N 492,800.6 51.2 33.5 13.5 6,543.6 3,462.0 5,586.6 67,073 
 42N – 57.8 28.9 10.4 – – – – 
High Plains         
 42N 43,403.2 78.4 10.1 11.5 2,605.7 2,049.2 1,485.9 2,412 
 41N 41,277.2 71.7 7.7 17.0 3,222.4 1,474.8 780 4,394 
 40N 8,196.8 57.1 8.6 26.3 593.8 249.3 165.1 1,282 
 39N 70,320.4 51.7 11.6 25.3 14,439.5 10,066.9 6,045.6 801 
 38N 1,568.8 35.9 14.4 27.7 16.7 5.1 18.7 2,577 
 37N 1,054.7 24.5 14.6 14.2 566.6 273.3 43.8 38 
 36N 79,563.8 30.6 18.4 10.6 2,443.5 1,492.8 5,141.6 5,520 
 35N 60,126.7 39.0 17.1 11.2 4,692.9 3,433.5 6,749.7 4,079 
 34N 6.1 39.5 19.0 12.5 3.9 – 1.0 6 
 33N 10,485.2 38.8 19.6 9.6 7,377.3 6,358.9 43.6 809 
 32N 30,263.9 40.0 17.3 1.0 6,705.6 4,866.6 863.8 8,468 
 31N 6,300.1 21.6 2.0 – 320.1 87.0 116.5 3,788 
 30N – 14.3 – – – – – – 
*AREA_AM is the area-weighted mean patch size in hectares. 
**PROX_AM is the area-weighted mean proximity index, unitless. 
†CORE_AM is the area-weighted core patch size in hectares. 
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well by the LANDFIRE program). However, the area-weighted mean patch sizes were 
appreciably larger (Table 15, Appendix IV), indicating that the small patches in total 
represented only a small proportion of the total area of public grasslands.  
 The Kruskal-Wallis test results were highly significant for indicating that species 
richness was related to the amount of grassland in the landscape for all but one agency 
(USFS) in the Northwestern Great Plains and all but two agencies (DOD and FWS) in the 
High Plains ecoregion (Table 14). Agencies having the largest area-weighted mean patch 
sizes among the sampled parcels (Table 15) were not necessarily the agencies with the 
highest proportion of patches supporting high avian richness for either ecoregion. For 
example, the DOD had the smallest area-weighted mean patch size among agencies in the 
Northwestern Great Plains ecoregion, but provided the greatest number of patches that 
coincided with high avian species richness (Figure 10). Similarly, the FWS had the 
 
 
Figure 10. Number of patches versus avian richness within the Northwestern Great 
Plains public grassland patches. 
  
smallest area-weighted mean patch size among agencies in the High Plains ecoregion 
(Table 15), but provided the greatest number of patches that supported high avian species 
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richness (Figure 11). However, the majority of public grassland patches sampled in both 
the Northwestern Great Plains and High Plains ecoregions coincided with low avian 
species richness (Table 15). 
 
 
Figure 11. Number of patches versus avian richness within the High Plains public 
grassland patches. 
 
Similar to the BLM, USFS holdings in the Northwestern Great Plains had a larger 
area-weighted mean patch size (see Table 15), although considerably less total area. Of 
the sampled USFS parcels, approximately 70 percent were grasslands, with 60 percent of 
the neighboring landscape outside the USFS parcels providing additional grassland. Yet 
95 percent of the USFS sampled parcels supported low avian richness, conceivably 
attributable to anthropogenic disturbance associated with the increasing development of 
natural resource extraction in these areas (Holtrop 2011).  
My results generally showed that increases in grassland availability were associated 
with increases in avian richness. Therefore, grasslands in near proximity, but outside, 
federal parcels should enhance species richness within the federal lands. For example, in 
the NGP, the most influential variable for the Horned Lark model was the amount of 
grassland within 800 m of a pixel. I found (from Appendix Table IV-1) that the landscape 
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within 800 m from the boundaries of the USFS provided about 60 percent additional 
grassland cover, which might confer extra quality to the USFS lands for supporting the 
Horned Lark. In addition, approximately 95 percent of the sampled USFS 
 
Table 14. Kruskal-Wallis results from testing if the amount of grassland in the local 
landscapes was associated with species richness in (a) the Northwestern Great Plains 
ecoregion and (b) the High Plains ecoregion. 
(a) Agency Kruskal-Wallis chi-squared Degrees of Freedom p-value 
Bureau of Land Management 45.81 12 0 
Department of Defense 26.67 9 0 
Fish and Wildlife Service 32.14 9 0 
National Park Service 52.15 12 0 
U.S. Forest Service 17.1 12 0.15 
(b) Agency Kruskal-Wallis chi-squared Degrees of Freedom p-value 
Bureau of Land Management 36.14 12 0 
Department of Defense 3.27 4 0.51 
Fish and Wildlife Service 7.86 6 0.25 
National Park Service 17.18 7 0.02 
U.S. Forest Service 65.84 12 0 
 
 
grasslands supported some proportion of avian species richness for the species in this 
study (Table 15). In the HP, the amount of grassland within 800 m of a pixel was the 
most influential variable for the Burrowing Owl model. My results (see Appendix Table 
IV-2) indicated that there, approximately 60 percent of the landscape within 800 m 
outside of NPS borders provided additional grassland, which may confer extra quality to 
NPS lands for the Burrowing Owl. Approximately 80 percent of the sampled grasslands 
in the NPS supported avian species richness (Table 16). 
 Having additional grasslands in landscapes surrounding federal parcels may not 
always influence species use of federal lands. For example, my results from Kruskal 
Wallis tests (Table 14) indicated that species richness for the FWS and DOD in the High 
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Table 15. Area-Weighted (AW) Mean Patch size, proportion of species richness (SR), and proportion of grassland within and nearby 
sampled parcels in the Northwestern Great Plains ecoregion. BLM = Bureau of Land Management; DOD = Department of Defense; 
FWS = Fish and Wildlife Service; NPS = National Park Service; USFS = U.S. Forest Service. 
Federal 
Agency 
AW 
Mean 
Patch 
Size 
(ha) 
Sampled  
Parcels 
Having 
Highest 
SR 
(%) 
Sampled  
Parcels 
Having 
Med. SR 
(%) 
Sampled  
Parcels 
Having 
Low SR 
(%) 
Sampled 
Parcels 
Having 
No spp. 
(%) 
AW mean 
patch size 
within 
800 m 
(ha) 
AW mean 
patch size 
within 
1200 m 
(ha) 
AW mean 
patch size 
within 
1600 m 
(ha) 
Parcels 
within 
800 m 
that are 
grassland 
(%) 
Parcels 
within 
1200 m 
that are 
grassland 
(%) 
Parcels 
within 
1600 m 
that are 
grassland 
(%) 
BLM 63,686 32 13 43 12 108,306 148,911 182,971 58 58 58 
DOD 1,812 13 48 12 27 4,717 6,593 8,291 52 52 52 
FWS 11,273 29 16 28 28 13,203 19,076 24,572 50 48 46 
NPS 6,375 47 28 24 1 3,219 4,320 5,417 58 56 56 
USFS 30,800 14 22 59 5 31,273 42,122 51,548 61 61 60 
 
 
Table 16. Area-Weighted (AW) Mean Patch size, proportion of species richness (SR), and proportion of grassland within and nearby 
sampled parcels in the High Plains ecoregion. BLM = Bureau of Land Management; DOD = Department of Defense; FWS = Fish and 
Wildlife Service; NPS = National Park Service; USFS = U.S. Forest Service. 
Federal 
Agency 
AW 
Mean 
Patch 
Size 
(ha) 
Sampled  
Parcels 
Having 
Highest 
SR 
(%) 
Sampled  
Parcels 
Having 
Med. SR 
(%) 
Sampled  
Parcels 
Having 
Low SR 
(%) 
Sampled 
Parcels 
Having 
No spp. 
(%) 
AW mean 
patch size 
within 
800 m 
(ha) 
AW mean 
patch size 
within 
1200 m 
(ha) 
AW mean 
patch size 
within 
1600 m 
(ha) 
Parcels 
within 
800 m 
that are 
grassland 
(%) 
Parcels 
within 
1200 m 
that are 
grassland 
(%) 
Parcels 
within 
1600 m 
that are 
grassland 
(%) 
BLM 6,962 3 12 5 80 15,355 23,536 30,965 45 46 46 
DOD 6,741 25 4 67 4 5,925 7,835 9,483 50 48 47 
FWS 71 21 13 48 18 2,407,042 5,116,645 1,066 22 22 22 
NPS 593 9 3 70 18 1,302 1,977 2,682 63 60 59 
USFS 1,685 7 6 69 18 24,259 34,867 44,646 57 56 56 
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Plains ecoregion did not exhibit statistically strong relations between avian richness and 
grassland area. The FWS works to conserve bird populations and their habitats, but had 
the smallest footprint of the five agencies studied within this ecoregion. Additionally, the 
area-weighted mean patch size for the FWS was very small (see Table 16) in comparison 
with other agencies, as was the amount of grassland in the landscapes surrounding FWS 
parcels. Over 25% of the FWS parcels sampled coincided with areas of high species 
richness. Yet, virtually all of the FWS lands in this ecoregion are managed for the 
protection of biodiversity (Table 6), so it is likely that these parcels offer high quality 
habitat.  
 DOD has an entirely different mission than environmental conservation. DOD 
lands host military bases and are used for military training exercises. Although most 
patches of grassland within DOD holdings in the High Plains were very small (Table IV-
2), the area-weighted mean patch size was quite large (Table 15). Approximately 96 
percent of DOD lands in the High Plains overlapped with the distributions of the species 
in this study, but primarily at low levels of species richness. This was not surprising, 
given that the land use may be very disruptive for nesting birds. Still, the DOD does have 
responsibilities towards preserving natural resources in military site buffers in 
cooperation with the Fish and Wildlife Service (Department of Defense Natural 
Resources Program 2014), and 25% of the grasslands from the DOD lands I sampled 
were associated with areas of high avian richness. 
 
Other Considerations 
 Public grasslands often are located on lands prone to erosion where, historically, 
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other land uses were not compatible. The geographic configuration of grasslands across 
the Northwestern Great Plains and High Plains landscapes reflects, in part, the historical 
purchase of abandoned farms and land from struggling ranchers following the Dust Bowl 
in the 1930s, as well as lands that remained after transferring ownership to private entities 
as European settlers moved west (Sheldon 2008). Improvements in technology (e.g., 
improved crop varieties and agricultural practices) over time have, once again, put 
grasslands in these ecoregions at risk from agricultural expansion (Askins et al. 2007; 
Tilman et al. 2011). Therefore, populations of common grassland birds will likely 
become increasingly dependent upon the protected areas provided by the five major land 
management agencies (BLM, DOD, FWS, NPS, USFS).  
 Despite having vastly different mandates, these agencies are obligated to 
contribute to the conservation of the birds in this study (Executive Order 13186 2001). 
Traditionally, conservation efforts have tended to focus on rare or endangered species 
(Noss 1991). Protecting endangered species is important, but can be costly and 
potentially ineffective. A more proactive approach towards maintaining avian diversity 
would be to place a greater emphasis on conservation efforts for common species. 
Knowing the habitat distribution range of common species and the threats they face, as 
were brought together in this study, are key aspects of conservation efforts to minimize 
the risk of common species becoming endangered or extinct. This notion is especially 
important because the populations of many common birds, such as the Lark Bunting, 
Grasshopper Sparrow, and Horned Lark included in this study, have been in steep decline 
for more than 15 years (Rosenberg et al. 2016). 
 Compositing species habitat ranges, extrapolated from presence-only data and 
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environmental variables, facilitates exploration of species richness. Although a number of 
my model results were somewhat weak, they did provide a preliminary look at potential 
habitat ranges (that were comparable with maps provided by the USGS GAP Analysis 
Program -- see http://gapanalysis.usgs.gov/species/viewer, accessed December 31, 2016) 
and associated species richness within the study areas. I would, however, recommend 
further, more detailed research be conducted prior to decision-making.  
 One, seemingly surprising, result from my analysis was that species richness 
increased from south to north across both ecoregions. Generally, avian richness is 
expected to be highest in the equatorial region and decreases towards the poles. However, 
the south-to-north increase in species richness in my study coincided with increasing 
availability of core habitat, a relation identified by other researchers (Helzer and Jelinski 
1999; Fahrig 2013). This pattern might also suggest that a northward shift in distribution 
ranges for the common grassland birds in this study could potentially help mitigate 
negative effects from climate warming by offering greater availability of suitable habitat.  
 Mapped patterns of species richness also can be an indicator of potential areas for 
future conservation efforts or, conversely, a means to flag protected areas associated with 
low species richness (Scott et al. 1991). My study revealed that richness of common 
grassland bird species tended to be low (1-4 species) within public lands, which was not 
surprising given that public grasslands within the study ecoregions accounted for only 
four percent of the total land area. Even if management of public lands was targeted 
primarily for preservation of grassland birds, these lands likely would provide insufficient 
area to maintain high species diversity (Grumbine 1990).  
 Participation in the U.S. Department of Agriculture’s Conservation Reserve 
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Program (CRP), the largest of the Federal Government’s private land conservation 
programs (https://www.fsa.usda.gov/programs-and-services/conservation-
programs/conservation-reserve-program, accessed 2/28/2017), helps many private 
landowners conserve habitat for grassland birds by retiring land from agricultural 
production for contractual cycles of 10 to 15 years in exchange for rental payments. 
Findings from my study could potentially help inform the geographic distribution of   
future contracts if CRP administrators offered extra incentives for landowner 
participation in areas associated with high species richness and/or adjacent to public lands 
associated with high species richness, as my results indicated that the amount of 
grassland in the landscape played a greater role in determining species richness than did 
the amount of habitat fragmentation (Johnson and Igl 2001). 
 
Limitations of the Study 
 
 I conceived a set of analyses to enable a general assessment of the contribution of 
public lands to the conservation of habitat for common grassland birds. The study relied 
on remote sensing products, citizen science contributions, and species range modeling to 
represent potential habitat conditions and use by birds for a narrow interval of time. The 
LANDFIRE data set I used reported moderate to low agreement with validation data for 
the most prevalent grass cover types in the study areas and provided no detailed quality 
assessment for the vegetation height and density products. I combined various grassland 
cover types into a single grassland class to help mitigate classification error in the cover 
type product, but treating grasslands as a single cover type may have obscured some 
important relations between individual species and specific grassland habitat 
requirements (Ribic et al. 2012). Also, by limiting my analysis to a single cover type, I 
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may have increased the error in my species distribution models for the non-obligate avian 
species (Barry and Elith 2006). 
 I used the PAD-US data set for boundaries of agency lands. A known limitation 
of the PAD-US is an inconsistency in data quality and/or detail (scale), resulting from 
lack of a standardized methodology for collecting and validating boundaries provided 
from multiple sources (https://gapanalysis.usgs.gov/padus/data/, accessed February 18, 
2017). In addition, updated versions of the database do not necessarily include updates 
for all land types across the Nation (https://gapanalysis.usgs.gov/padus/data/, accessed 
February 18, 2017). 
 The sources for the avian occurrence data that I used to develop the species 
distribution models were from citizen science efforts. Both the BBS and eBird data sets 
were subject to various screening steps within their respective programs, but 
inconsistencies in the scientific knowledge of the participating volunteer citizens, and the 
fact that the locations for collecting data do not follow a statistical framework, mean that 
the data quality and areas of inference ultimately are unknown. My strategy was to use a 
lot of observations to help overcome the potential noise in the data. The Maxent software 
enabled me to evaluate the goodness-of-fit of my resultant species distribution models, 
but I have no independent way to assess their accuracy. 
 Certain of my planned analyses exceeded software limitations because of the 
sheer number of pixels or patches within the large ecoregions I studied. Dividing the 
ecoregions into quadrats may be a suitable option in some cases, but such an approach 
challenges certain calculations, as subdividing an ecoregion introduces false boundaries 
that confound fragmentation analyses and disrupts landscape continuity that will then 
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confound proximity analyses (Turner 1989; Wiens 1989).  
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CHAPTER 5 SUMMARY AND CONCLUSIONS 
Summary 
 Federal public grasslands owned and managed by the BLM, DOD, FWS, NPS, 
and USFS can provide a foundation for conservation of habitat to promote the diversity 
of grassland birds, as well as other taxa. I posed a question about how public grasslands 
were distributed across two ecoregions and a latitudinal gradient within the U.S. Great 
Plains. I found that both the Northwestern Great Plains and the High Plains ecoregions 
sustained about half of their respective public land allocations as grassland, although the 
Northwestern Great Plains ecoregion offered a much larger quantity of public grassland 
overall. Accordingly, the Northwestern Great Plains ecoregion had larger patches on 
average (i.e., per area-weighted mean) and larger core areas (area-weighted). There was 
no strong latitudinal relation with patch characteristics, other than the more northerly 
Northwestern Great Plains ecoregion offered more grassland than the High Plains 
ecoregion and likely better quality (from larger patches) grassland habitat, as well.   
 I also posed a question about whether patterns of avian species richness could be 
explained by the patterns of federal land ownership or management strategy in the two 
ecoregions. Species richness is a widely-used metric for evaluating the ecological 
performance of protected areas (Gaston et al. 2008). The species richness maps I 
generated indicated that areas of higher richness (i.e., 9–13 species) generally were more 
widespread in the Northwestern Great Plains. In the High Plains ecoregion, categories of 
richness were longitudinally aligned, and higher areas of richness were limited to the 
northwest part of the region. Differences were evident in the relation of species richness 
to agencies and administrative strategies in the two ecoregions. Areas of high species 
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richness were associated mostly with BLM, FWS, and NPS holdings in the Northwestern 
Great Plains ecoregion, and DOD, FWS, and USFS holdings in the High Plains 
ecoregion. Species richness was not necessarily associated with the level of management 
protection. About 40 percent of the area managed for biodiversity in federal lands of the 
Northwestern Great Plains supported high species richness. In comparison, more than 
half the area managed for multiple use in that ecoregion was associated with low species 
richness (1–4 species). Patterns of species richness were quite different with respect to 
management strategies in the High Plains ecoregion. Seventy to 80 percent of the public 
lands under each management strategy were associated with low species richness. This 
would seem to indicate that administrative policies favoring biodiversity are not very 
effective in the High Plains ecoregion for the common grassland species I studied. 
 My analyses indicated a strong relation between bird species richness and 
latitude; however, the direction of the relation (increasing species richness with 
increasing latitude) was opposite of what has been reported in the literature and may have 
been more a factor of the more numerous and larger public grassland patches available in 
the northern ecoregion than the in southern ecoregion. Larger patches likely attract a 
greater number and variety of birds, in addition to providing the greater core areas 
required by edge-sensitive species (Herkert et al. 1993; Winter and Faaborg 1999; 
Fletcher 2005; Ribic et al. 2009). From a perspective of bird conservation, engagement of 
private landowners may be a critical strategy for the High Plains ecoregion to improve 
the availability of larger, intact tracts of grassland. 
 The final question I posed related to fragmentation in and around public lands and 
the resulting effect on species richness. My analyses showed that although grasslands in 
70 
 
both ecoregions were highly fragmented, with the vast majority of patches being 0.5 ha in 
size or less, larger intact grassland patches comprised the majority of the grassland area 
held by the agencies in this study. Additionally, the quantity and size of public grassland 
patches appeared to have little effect on the associated avian richness within the public 
grasslands in these two ecoregions. The amount of grassland in the landscape was usually 
more indicative of avian richness, especially for the Horned Lark and Burrowing Owl, 
and most of the species probably benefitted from additional grassland habitat in the local 
landscapes surrounding the agency parcels.  
 
Conclusions and Implications 
 Grasslands (i.e., public and private) are one of our Nation’s most imperiled 
resources, yet they provide habitat that is imperative for the lifecycle of grassland birds 
(Vickery et al. 1999). Therefore, increased or decreased amounts of grassland in the 
landscape would be expected to have corresponding implications for grassland bird 
populations. This study measured and mapped the quantity of public grassland, avian 
habitat ranges, and species richness for common grassland birds within the Northwestern 
Great Plains and High Plains ecoregions. The results provide a baseline from which the 
effects of future changes related to conservation efforts, climate change, and agricultural 
or other land change policies and practices can be monitored to promote proactive land 
management decisions related to conservation of common grassland birds. 
 Public lands are the cornerstone for conservation of grassland birds. Therefore, 
the balance between recreational and other uses associated with our multiple use policies 
for public lands is important and can in some cases be complementary to the needs of 
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grassland birds. For example, well managed livestock grazing can provide much needed 
heterogeneity in the vegetative structure (height and density) of grasslands, 
characteristics that frequently were identified as influential in the results of my avian 
habitat models. However, considering that public grasslands within the Northwestern 
Great Plains and High Plains ecoregions combined accounted for only four percent of the 
total land area, and that less than half of that four percent appeared to support high 
richness for common species of grassland birds, it is evident that public grasslands are 
insufficient alone to maintain species richness, a conclusion reached by Grumbine (1990) 
nearly three decades ago. 
 Privately held grasslands can add value to the role that public grasslands play in 
the conservation of grassland bird habitat, and therefore the contributions and decisions 
of private landowners may play a large role in determining the future success of grassland 
bird conservation efforts in these ecoregions (Ciuzio et al. 2013). However, various 
programs and policies of the Federal Government provide conflicting land use incentives, 
such as subsidies to participate in conservation programs versus crop insurance, which 
offers incentive to convert grassland to cropland (Prairies Conservation Campaign 2013). 
Public and private grassland conservation efforts in our Nation often compete for funding 
in the political arena against more popular scenic landscapes, and moreover against 
agricultural landscapes that are expanding westward (Wright and Wimberly 2013). Yet, a 
testament to the success of collaborative efforts in and around public lands of the 
Northwestern Great Plains and High Plains ecoregions is that an average of 80 percent of 
the public grasslands supported one or more of the common grassland species in this 
study. Therefore, more conversations and knowledge exchanges with decision makers are 
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encouraged to revisit conflicting land use incentives.  
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APPENDIX I. PARAMETER AND INTERFACE SETTINGS USED FOR 
MAXENT RUNS 
 
 This section describes the Maxent graphical user interface and parameters and 
settings I used to generate geographic distribution models for the 13 common grassland 
bird species in my analysis. 
 
 
Figure I-1. Maxent home screen. 
 
 
The browse buttons located on the upper portion of the home screen for the Maxent 
graphical user interface (Figure I-1) allow users to navigate to locations where they have 
stored a comma-delimited species occurrence text file and a folder containing the 
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environmental variables in ASCII grid format (accommodating both continuous and 
categorical variables). In the lower left portion of the home screen, all feature types are 
checked by enabling “default,” allowing the Maxent software to use the feature type best 
suited to the number of presence records, as well as apply empirical rules embedded in 
the software program. The default selections in the lower right portion of the home screen 
include: 
• “Make pictures of predictions” – displays sample images of the mean, standard 
deviation, minimum, maximum, and median of the summarized output grids;  
• Logistic output format – amenable to generation of binary maps; and  
• ASCII output file type.  
 
For this study, I also selected: 
• “Create response curves” – indicates how the mean and standard deviation of each 
variable affects the prediction,  
• “Do jackknife to measure variable importance” – estimates the value of the 
variables systematically leaving out each observation prior to averaging these 
estimates, and  
• Output directory locations for my files. 
o When applicable, an additional browse button accessible in the lower right 
portion of the Maxent home screen allows users to navigate the directory 
structure on their computers to locate the file containing layers used for 
projecting the model. This option was not used for this study. 
 
 Selecting the “Settings” button located at the center of the bottom of the home 
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screen, displays a pop-up window with three tabs: Basic (Figure I-2), Advanced (Figure 
I-3), and Experimental (Figure I-4). The contents of (Table I-1) describe each of these 
tabs in more detail. 
 
Figure I-2. Basic parameter settings tab in Maxent. 
 
 
 
Figure I-3. Advanced parameter settings tab in Maxent. 
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Figure I-4. Experimental parameter settings tab in Maxent. 
 
 A multidimensional environmental similarity surface (MESS) shows where novel 
climate conditions exist in the projection layers. The analysis shows both the degree of 
novelty and the variable that is most out of range at each point.
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Table I-1. Descriptions and defaults for the Maxent parameter settings. 
Tab Default Modified Selections Field name Description 
Basic 
  
Random seed Randomizes the background input per model 
run. 
  
✓ uncheck Give visual warnings If checked, processing pauses to display error 
messages related to input data; error messages 
are always printed to the log file. 
  
✓

Show tooltips Mouse-over help for new users. 
  
✓

Ask before overwriting Authorization to overwrite output files is 
requested per occurrence. 
    
Skip if output exists Overwrite denied, does not process model. 
  
✓

Remove duplicate presence records Remove duplicated sample occurrence 
records. 
  
✓

Write clam grid when projecting Constrain bounds of variable to calibrated 
range (Phillips, Anderson, and Schapire 2006) 
when projecting. 
  
✓

Do MESS analysis when projecting Multidimensional Environmental Similarity 
Surface (MESS) shows degree of novelty and 
variable most out of range. 
  
0 
 
Random test percentage Proportion of random points set aside for 
bootstrap or subsample replicate run types. 
  
1 
 
Regularization multiplier Multiplies regularization by this factor; larger 
values provide a more spread out distribution. 
  
10000 
 
Max number of background points Maximum number of background points used 
by Maxent in place of absence data. 
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Tab Default Modified Selections Field name Description 
 
1 4 Replicates Number of replicated runs to complete for 
crossvalidation, bootstrapping, or sampling. 
  
Crossvalidate 
 
Replicated run type Crossvalidation divides the samples into 
replicate folds; each fold is used in turn to test 
the data. 
    
Test sample file Location of user provided occurrences for 
testing the model. 
Advanced ✓

Add samples to background If sample value is not represented in the 
background, add it to the background. 
    
Add all samples to background Adds all samples to background, even if the 
environmental variables are already 
represented. 
   
✓ Write plot data Creates data to accompany the plots displayed 
in the summary HTML file. 
  
✓

Extrapolate Predicts outside environmental space. 
  
✓

Do clamping Constrains bounds of variable to calibrated 
range (Phillips et al. 2006).  
  
✓

Write output grids Generates output files for further analysis in 
other software. 
  
✓

Write plots Adds plots to the summary HTML file. 
   
✓ Append summary results to 
maxentResults.scv file 
If not selected Maxent will reinitialize prior to 
each run. 
  
✓

Cache ASCII files Stores ASCII files in memory for quicker 
access. 
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Tab Default Modified Selections Field name Description 
 
500 5000 Maximum iterations Number of training iterations. 
 
0.00001 
 
Convergence threshold Log loss per iteration limitation on training. 
  
0 
 
Adjust sample radius Increases radius of sample points. 
  
maxent.log 
 
Log file Text file of Maxent model progression, 
settings, and warnings for debugging 
software. 
  
0.5 
 
Default prevalence Probability of presence (Ellith et al. 2011) 
   
Apply threshold rule threshold rules and associated values can be 
selected from the maxentResults spreadsheet. 
    
Bias file Location of optional user provided bias file 
used to factor out the bias in the occurrence 
data. 
Experimental ✓   Log scale raw/cumulative pictures Setting for all pictures in the summary HTML 
file to use logarithmic scale color-coding. 
    
Per species results If multiple species are in the same sample 
input file, use this setting to obtain results on 
a species-specific basis. 
    
Write background predictions Generates a comma-delimited file of 
predictions at background locations. 
    
Show exponent in response curves Shows exponential values of the Y-axis in the 
response curve, instead of the default logistic 
value.  
    
Fade by clamping Reduces prediction of each point by the 
difference between clamped and non-clamped 
output. 
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Tab Default Modified Selections Field name Description 
   
Verbose Turns on detailed debugging print to the 
Maxent log file. 
    
User samples with some missing 
data 
 
Prevents Maxent from discarding samples 
with missing environmental variables. 
 
1 2 Threads Match to number of processing cores 
available for use on your computer to speed 
up processing. 
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Lq to lqp threshold Number of samples required for Maxent to 
use the product and threshold features. 
  
10 
 
Linear to lq threshold Number of samples required for Maxent to 
use the quadratic features. 
  
15 
 
Hinge threshold Number of samples required for Maxent to 
use the hinge features. 
  
-1 
 
Beta threshold Automatic setting of regularization parameter 
for all threshold features. 
  
-1 
 
Beta categorical Automatic setting of regularization parameter 
for all categorical features. 
  
-1 
 
Beta lqp Automatic setting of regularization parameter 
for all linear, quadratic, and product features. 
  
-1 
 
Beta hinge Automatic setting of regularization parameter 
for all hinge features. 
 
  -9999   Default nodata value Value interpreted as nodata.  
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APPENDIX II. MAXENT RESULTS AND AVIAN DISTRIBUTION MAPS 
 
 This appendix contains Maxent results and the corresponding avian distribution 
maps for each ecoregion in the study area. Three models were generated for each species; 
the models corresponded with the quantity of available grassland within distances of 800 
m, 1200 m, and 1600 m from each pixel. The results for each of the distances modeled 
per ecoregion are provided in Table II-1 to Table II-6 and Figure I-1 to Figure I-6 in this 
section. 
 
Table II-1. Maxent results for the Northwestern Great Plains species distribution models 
that included the amount of grassland within 800 m of each pixel. 
Common Name Threshold (MSS) AUC SD Most Influential Variable 
Burrowing Owl* 0.4624 0.63 0.08 30-yr. mean annual temperature 
Grasshopper Sparrow* 0.5208 0.58 0.05 Elevation 
Upland Sandpiper* 0.5061 0.62 0.05 Elevation 
Ferruginous Hawk 0.4400 0.63 0.07 Vegetation cover – low density 
Swainson's Hawk* 0.4380 0.64 0.06 Vegetation cover – low density 
Northern Harrier* 0.4713 0.59 0.05 Vegetation cover – medium density 
Lark Sparrow 0.4747 0.65 0.04 Vegetation cover – medium density 
Lark Bunting* 0.4509 0.64 0.04 Elevation 
Horned Lark* 0.5212 0.57 0.05 Grassland within 800-m proximity 
Long-billed Curlew 0.3985 0.64 0.06 Elevation 
Vesper Sparrow 0.4342 0.63 0.04 Elevation 
Dickcissel* 0.3375 0.81 0.05 30-yr. mean annual temperature 
Western Meadowlark 0.4544 0.59 0.04 Vegetation height – short 
*Indicates best model for the avian species. 
 
Table II-2. Maxent results for the Northwestern Great Plains species distribution models 
that included the amount of grassland within 1200 m of each pixel. 
Common Name Threshold (MSS) AUC SD Most Influential Variable 
Burrowing Owl 0.4491 0.57 0.09 30-yr. mean annual temperature 
Grasshopper Sparrow 0.5652 0.57 0.05 Elevation 
Upland Sandpiper 0.4328 0.61 0.04 Elevation 
Ferruginous Hawk 0.4378 0.6 0.07 Vegetation cover – low density 
Swainson's Hawk 0.3255 0.63 0.05 Vegetation cover – low density 
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Northern Harrier 0.4365 0.59 0.05 Vegetation cover – medium density 
Lark Sparrow 0.4245 0.64 0.04 30-yr. mean annual temperature 
Lark Bunting 0.5227 0.6 0.04 Elevation 
Horned Lark 0.5078 0.56 0.05 Elevation 
Long-billed Curlew 0.4160 0.67 0.07 Vegetation cover – medium density 
Vesper Sparrow* 0.4097 0.64 0.04 Elevation 
Dickcissel 0.3772 0.8 0.05 30-yr. mean annual precipitation 
Western Meadowlark 0.4428 0.57 0.04 Elevation 
*Indicates best model for the avian species. 
 
 
Table II-3. Maxent results for the Northwestern Great Plains species distribution models 
that included the amount of grassland in 1600 m of each pixel. 
Common Name Threshold (MSS) AUC SD Most Influential Variable 
Burrowing Owl 0.5058 0.56 0.09 30-yr. mean annual temperature 
Grasshopper Sparrow 0.5675 0.56 0.05 Elevation 
Upland Sandpiper 0.5171 0.62 0.04 Elevation 
Ferruginous Hawk* 0.4277 0.64 0.07 Vegetation cover – low density 
Swainson's Hawk 0.4457 0.62 0.05 30-yr. mean annual precipitation 
Northern Harrier 0.5284 0.59 0.05 Vegetation cover – medium density 
Lark Sparrow* 0.4390 0.65 0.04 Vegetation cover – medium density 
Lark Bunting 0.4889 0.61 0.04 Elevation 
Horned Lark 0.4986 0.57 0.05 Elevation 
Long-billed Curlew* 0.3262 0.67 0.06 Vegetation cover – medium density 
Vesper Sparrow 0.4200 0.64 0.04 Elevation 
Dickcissel 0.3525 0.81 0.04 30-yr. mean annual precipitation 
Western Meadowlark* 0.4141 0.61 0.04 Vegetation height – short density 
*Indicates best model for the species. 
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Figure II-1. Northwestern Great Plains probable suitable habitat ranges per species, 
where the model included the area of grassland within 800 m of each pixel. 
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Figure II-2. Northwestern Great Plains probable suitable habitat ranges per species, 
where the model included the area of grassland within 1200 m of each pixel. 
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Figure II-3. Northwestern Great Plains probable suitable habitat ranges per species, 
where the model included the area of grassland within 1600 m of each pixel. 
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Table II-4. Maxent results for the High Plains species distribution models that included 
the amount of grassland within 800 m of each pixel. 
Common Name Threshold (MSS) AUC SD Most Influential Variable 
Burrowing Owl* 0.5043 0.63 0.06 Grassland within 800-m proximity 
Grasshopper Sparrow 0.5044 0.67 0.05 Vegetation height - short 
Upland Sandpiper 0.2614 0.78 0.06 30-yr. mean annual temperature 
Ferruginous Hawk 0.2651 0.77 0.06 Thirty-year mean annual temperature 
Swainson's Hawk 0.4798 0.63 0.05 Vegetation height - short 
Northern Harrier 0.3300 0.71 0.05 Thirty-year mean annual temperature 
Lark Sparrow 0.5605 0.62 0.05 Vegetation height - short 
Lark Bunting* 0.4232 0.75 0.04 Vegetation cover – high density 
Horned Lark 0.4632 0.70 0.04 Vegetation height - short 
Long-billed Curlew 0.4178 0.65 0.09 Grassland within 800-m proximity 
Vesper Sparrow 0.3924 0.74 0.07 Elevation 
Dickcissel 0.4039 0.71 0.05 Vegetation height - short 
Western Meadowlark 0.4899 0.64 0.03 Vegetation height - short 
*Indicates best model for the species. 
 
 
Table II-5. Maxent results for the High Plains species distribution models that included 
the amount of grassland in 1200 m of each pixel. 
Common Name Threshold (MSS) AUC SD Most Influential Variable 
Burrowing Owl 0.4548 0.62 0.06 30-yr. mean annual temperature 
Grasshopper Sparrow* 0.4575 0.69 0.04 Vegetation height - short 
Upland Sandpiper* 0.3337 0.78 0.06 30-yr. mean annual temperature 
Ferruginous Hawk 0.4299 0.78 0.07 30-yr. mean annual temperature 
Swainson's Hawk* 0.5120 0.65 0.04 Vegetation height - short 
Northern Harrier* 0.3676 0.73 0.06 30-yr. mean annual temperature 
Lark Sparrow* 0.5166 0.64 0.04 Vegetation height - short 
Lark Bunting 0.3524 0.73 0.04 30-yr. mean annual temperature 
Horned Lark 0.4345 0.70 0.04 Vegetation height - short 
Long-billed Curlew* 0.4382 0.68 0.09 Elevation 
Vesper Sparrow 0.2696 0.76 0.07 Elevation 
Dickcissel 0.3629 0.70 0.05 Grassland within 1200-m proximity 
Western Meadowlark* 0.4892 0.64 0.03 Vegetation height - short 
*Indicates best model for the species. 
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Table II-6. Maxent results for the High Plains species distribution models that included 
the amount of grassland within 1600 m of each pixel. 
Common Name Threshold (MSS) AUC SD     Most Influential Variable 
Burrowing Owl 0.5065 0.59 0.06 30-yr. mean annual temperature 
Grasshopper Sparrow 0.4297 0.67 0.04 Vegetation height – short 
Upland Sandpiper 0.2740 0.76 0.06 30-yr. mean annual temperature 
Ferruginous Hawk* 0.4775 0.79 0.06 30-yr. mean annual temperature 
Swainson's Hawk 0.4866 0.65 0.04 Vegetation height – short 
Northern Harrier 0.3824 0.73 0.06 30-yr. mean annual temperature 
Lark Sparrow 0.5223 0.62 0.05 Vegetation height – short 
Lark Bunting 0.4556 0.72 0.04 30-yr. mean annual temperature 
Horned Lark* 0.4205 0.70 0.04 Vegetation height – short 
Long-billed Curlew 0.3948 0.68 0.08 Elevation 
Vesper Sparrow* 0.3077 0.76 0.06 Elevation 
Dickcissel* 0.4361 0.71 0.04 30-yr. mean annual temperature 
Western Meadowlark 0.4794 0.62 0.03 Vegetation height – short 
*Indicates best model for the species. 
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Figure II-4. High Plains probable suitable habitat ranges per species, where the model 
included the area of grassland within 800 m of each pixel. 
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Figure II-5. High Plains probable suitable habitat ranges per species, where the model 
included the area of grassland within 1200 m of each pixel. 
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Figure II-6. High Plains probable suitable habitat ranges per species, where the model 
included the area of grassland within 1600 m of each pixel. 
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APPENDIX III. Species Richness Maps 
 The avian species distribution maps from Appendix I were stacked to tally the 
species richness per pixel for each ecoregion. The results then were stratified by federal 
agency (see Figure III-1 through Figure III-10) to compare respective differences in 
species richness. 
 
 
Figure III-1. Northwestern Great Plains: Bureau of Land Management species richness. 
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Figure III-2. Northwestern Great Plains: Department of Defense species richness. 
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Figure III-3. Northwestern Great Plains: Fish and Wildlife Service species richness. 
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Figure III-4. Northwestern Great Plains: National Park Service species richness. 
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Figure III-5. Northwestern Great Plains: U.S. Forest Service species richness. 
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Figure III-6. High Plains: Bureau of Land Management species richness. 
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Figure III-7. High Plains: Department of Defense species richness. 
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Figure III-8. High Plains: U.S. Fish and Wildlife Service species richness. 
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Figure III-9. High Plains: National Park Service species richness. 
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Figure III-10. High Plains: U.S. Forest Service species richness. 
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APPENDIX IV. PATCH ANALYSIS MEASURES 
 Tables IV-1 and IV-2 in this section display additional metrics associated with the analyses of fragmentation and proximity of 
grasslands in Chapter 4. 
 
Table IV-1. Additional measures associated with Northwestern Great Plains analysis of sample sites. 
Federal Agency 
Number 
of 
Sample 
Sites 
Sample 
Areas 
(ha) 
Grassland 
(ha) 
1-4 
Species 
Richness 
(%) 
5-8 
Species 
Richness 
 (%)  
9-13  
Species 
Richness 
 (%) 
Q1 
(ha) 
Median 
(ha) 
Q3 
(ha) 
MAD 
(ha) 
Mean 
(ha) 
Bureau of Land Management 774 1,278,092 687,683 77 2 0 0.1 0.2 0.4 0.1 4 
800-meter proximity  2,607,540 1,512,389         
1200-meter proximity  3,743,496 2,180,017         
1600-meter proximity  4,808,266 2,804,860         
            
Fish and Wildlife Service 206 147,308 85,292 48 5 0 0.1 0.2 0.4 0.1 5 
800-meter proximity  142,669 71,305         
1200-meter proximity  209,316 99,676         
1600-meter proximity  276,082 126,380         
            
U.S. Forest Service 628 753,211 522,824 82 12 0 0.1 0.2 0.4 0.1 14 
800-meter proximity  921,331 559,985         
1200-meter proximity  1,320,707 799,846         
1600-meter proximity  1,707,446 1,031,762         
            
Department of Defense 69 455,590 56,296 74 18 1 0.1 0.2 0.5 0.1 4 
800-meter proximity  328,203 169,124         
1200-meter proximity  471,450 245,806         
1600-meter proximity  606,785 317,218         
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Federal Agency 
Number 
of 
Sample 
Sites 
Sample 
Areas 
(ha) 
Grassland 
(ha) 
1-4 
Species 
Richness 
(%) 
5-8 
Species 
Richness 
 (%)  
9-13  
Species 
Richness 
 (%) 
Q1 
(ha) 
Median 
(ha) 
Q3 
(ha) 
MAD 
(ha) 
Mean 
(ha) 
            
National Park Service 358 62,117 30,389 45 54 0 0.1 0.2 0.4 0.1 14 
800-meter proximity  43,643 25,116         
1200-meter proximity  62,070 34,993         
1600-meter proximity   81,580 45,444              
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Table IV-2. Additional measures associated with the High Plains ecoregion analysis of sample sites. 
Federal Agency 
Number 
of 
Sample 
Sites 
Sample 
Areas 
(ha) 
Grassland 
(ha) 
1-4 
Species 
Richness 
(%) 
5-8 
Species 
Richness 
 (%)  
9-13 
Species 
Richness 
 (%) 
Q1 
(ha) 
Media
n (ha) 
Q3 
(ha) 
MAD 
(ha) 
Mean 
(ha) 
Bureau of Land Management 211 223,355 56,988 82 5 0 0.1 0.2 0.5 0.1 5 
800-meter proximity  302,413 135,871         
1200-meter proximity  452,930 208,447         
1600-meter proximity  601,941 279,712         
            
Fish and Wildlife Service 33 16,719 2,658 53 3 0 0.1 0.2 0.4 0.1 1 
800-meter proximity  18,316 4,045         
1200-meter proximity  27,666 6,029         
1600-meter proximity  37,342 8,129         
            
U.S. Forest Service 341 186,591 138,447 81 6 0 0.1 0.2 0.4 0.1 20 
800-meter proximity  264,208 151,457         
1200-meter proximity  384,162 217,016         
1600-meter proximity  496,717 276,521         
            
Department of Defense 15 38,337 24, 988 96 2 0 0.1 0.2 0.4 0.1 12 
800-meter proximity  41,442 20,717         
1200-meter proximity  60,386 29,066         
1600-meter proximity  79,923 37,205         
            
National Park Service 66 3,484 2,302 76 3 0 0.1 0.2 0.4 0.1 9 
800-meter proximity  6,861 4,290         
1200-meter proximity  10,770 6,463         
1600-meter proximity   15,120 8,874              
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